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AB S TRACT 

This manual, presents the algorithms and various programming 

details of the PDP-15 and SDS-910 codes for real time experiment 

control of the neutron scattering spectrometers. The mathematical 

basis for the codes as well as the data set organization are also 

discussed. 
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I. INTRODUCTION 

This manual describes the tasks written to control the neutron 

scattering real-time experiments. These experiments consist of 

three diffractometers, called Thumb, Finger, and Triple Axis, as 

well as an x-y Plotter. The basic control system consists of an 

experiment interfaced to an SDS-910 which is in turn interfaced to 

a PDP-15. All direct experiment control is.performed in the 910, 

e.g., setting angles, handling experiment interrupts, e. Thus, 
all three experiments "look" the same to the 15. 

The Thumb diffractometer consists of a sample table of rotation 

for the crystal being studied and a detector arm which is rotated 

about the sample table axis. All other angles are fixed. Thus, only 

elastic scattering can be performed on this diffractometer. The 

Finger diffractometer has an analyzing crystal where the Thumb 

detector is located. This crystal can be rotated to select a given 

energy from the beam scattered by the sample before it enters the 

detector. Thus, inelastic scattering can be performed. 3ee 

Figure 1.a for a diagram of the Finger and Thumb diffractometers. 

The Triple Axis resembles the Finger except the monochromator and 

drum angles as well as the detector and analyzer crystal angles can 

all move independently. see' Figure 1. b for a diagram of the Triple 

Axis diffractometer. 

On the Finger and Thumb diffractometers, the sample table and 

detector arm are coupled. This means that when the sample table 

rotates through an angle cp, the detector moves through an angle cp/2. 
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Figure 1. Experimental layout for Mitsubishi and Triple Axis 
diffractometers. 



I n  o rde r  t o  perform an uncoupled scan, the  d e t e c t o r  must be moved 

through an angle  -912 a f t e r  t he  sample t a b l e  has  been moved through 

a n  angle c p .  This d e t e c t o r  motion i s  no t  shown on the angle  readout  

d i s p l a y .  Thus t h e  arms appear t o  move f o r  uncoupled scans,  and appear 

not  t o  move f o r  coupled scans .  

The Thumb and Finger  experiments a r e  each c o n t r o l l e d  by a  

Mi t sub i sh i  d i f f r a c t o m e t e r  wi th  i t s  own i n t e r n a l  process ing  u n i t .  

This  u n i t  d r i v e s  t he  t a b l e s  a%nd d e t e c t o r  arm a s  w e l l  a s  c o n t r o l s  t he  

count .  These d i f f r a c t o m e t e r s  can be d r iven  manually from a console  

on t h e  d i f f r a c t o m e t e r  a s  we l l  a s  au toma t i ca l ly  from a paper  t ape  

r e a d e r .  The same i n t e r f a c e  t h a t  connects  t h e  paper tape r e a d e r  t o  

t h e  Mi t sub i sh i  s e r v e s  t o  handle t he  910 c o n t r o l  a s  we l l .  Thus, t he  

910 must emulate a  paper tape  when sending scans f o r  t he  Mi tsubish i  

t o  process .  The T r i p l e  Axis d i f f r a c t o m e t e r ,  on the  o t h e r  hand, has  

no i n t e r n a l  process ing  u n i t .  Therefore,  t he  910 e x e r c i s e s  d i r e c t  

c o n t r o l  of t h i s  d i f f r a c t o m e t e r .  It  must monitor t h e  arm motion, 

send s t a r t  commands f o r  counting - etc . d i r e c t l y .  Hcncc, al'thougll Lilt! 

15 codes a r e  s i m i l a r  f o r  t hese  t h r e e  d i f f r a c t o m e t e r s ,  t he  910 codes 

a r e  q u i t e  d i f f e r e n t .  

Each experiment has  t h r e e  scans  which can be performed: a  

gene ra l  s t e p  scan, a double rock, and a  q-e scan.  Each of t h e s e  

scans  w i l l  be d iscussed  s e p a r a t e l y .  The gene ra l  s t e p  scan i s  a  

s e r i e s  of t a s k s  which d r i v e s  a  g iven  ang le  o r  angle  p a i r  through a 

s e t  of equa l ly  spaced angles ,  count ing f o r  a  given l eng th  of time a t  



each  angle  s e t t i n g .  The double rock scan  i s  a  s e t  of two genera l  

s cans  performed on a  g iven  ang le  p a i r .  Af te r  each s e p a r a t e  scan, 

t h e  weighted mean i s  c a l c u l a t e d .  This  mean becomes t h e  c e n t e r  angle  

s e t t i n g  f o r  t h e  completed scan  dur ing  t h e  next  scan of t h e  p a i r .  

These p a i r s  of scans  a r e  repea ted  u n t i l  t he  change i n  each mean f o r  

two consecut ive  scans  i s  l e s s  than  some determined va lue .  

The q-e s can  i s  a  scan i n  r e c i p r o c a l  space through a  s e t  o f  

e q u a l l y  s p a c ~ d  u~u~i lr~~ia aud/or t i ~ e r g i e d .  In ordur Lo ~ Y L L Y L  P L Y  t1:1j..4 

scan, t he  momenta and energy i n  r e c i p r o c a l  space must be transformed 

t o  a  s e t  of ang le s  i n  r e a l  space .  This  t r ans fo rma t ion  and t h e  

weighted mean c a l c u l a t i o n  w i l l  be descr ibed  i n  t h e  fol lowing s e c t i o n .  

11. MATHEMATICAL METHOD 

A. Angle Ca lcu la t ion  

I n  t h e  fo l lowing  s e c t i o n  t h e  equat ions  used ro ca l cu laLr  Llle 

v a r i o u s  ang ie s  used i n  q-e s cans  on t h e  Mits~bishi and T r l p l r  Axis 

d i f f r a c t o m e t e r s  s h a l l  be descr ibed .  C e r t a i n  d e f i n i t i o n s  and 

r e l a t i o n s  w i l l  be h e l p f u l  throughout  t h i s  d e s c r i p t i o n .  They a r e  

g iven  below. 

X - wavelgngth of neutron r a d i a t i o n  
i n  Angstroms . 

- i n c i d e n t  wavelength. 
- f i n a l  wavelength. 

k=2p/h - magnitude of the+wavevector. The 
d i r e c t i o n  of k i s  t h e  r e a l  space 

2 2 d i r e c t i o n  of t h e  neut ron  beam. 
E=* k /2mn - the+ energy of a  neut ron  of wavevector 

k where .ti i s  the  Planck cons t an t  
d iv ided  by 2n and mn i s  t he  mass of 
t h e  neutron.  These ene rg i e s  a r e  
t y p i c a l l y  on the  o rde r  of ,025eV. 



p=fic - thf m%mentum vector. By the relationship 
p=*Q, the scattering vector determines 
the momentum change of the neutron upon 
scattering, and thus the momentum 
transferred to the sample. 

;I, % - the two reciprocal lattice vectors used 
to calibrate the instrument and sample. 
These two vectors may not be colinear. 
Any position in reciprocal space may be 
defined in terms_pf thesg two vectors. 

cP - the angle between ko and -kf. The common 
instrumental names associated with (p are 
GA and 2eS1, which both involve the 
addition of some zero reference. For 
example, 

whereas.cp is an absolute angle determined 
only by geometry and not instrument 
parameters. -. 

6 - the angle from the calibrat5on vector G 
to the scattering vector Q. 1 

4 

Y - the angle from the scattering*vector Q 
to the incident wavevector ko. 

e - a reference angle stating the instrumental 
position of the sample table less y when 
the instrument is set to measure 1 ' 
e is arbitrary depending entirely on the 
in~trument. 

rl - the angle between the calibration* 
reciprocal vectors. T) rotates G into 
G; in a right hand sense. 

1 

Conservation Relations on Scattering 

-.I* -,+ 
momentum - Q=ko-Gtq 

where 2 is a reci~rocal lattice vector * 
and g is the wavevectnr nf some 
excita ion in the lattice. 

energy 
5 2 2 - Ef-Eo=('h /2m)(kf-ko)=hv where hv is the 

energy of an excitation in the lattice. 
For elastic scattering, hv=O. For 
the creation of an excitation, hv< 0. 
For the annihilation of an excitation, 
hv>O. 



The calibration experiments relate the geometry of the 

diffractometer with its orientation in momentum space. The 

calibration measures Y1, Y2, (P and (P (see Fig. 2). 

- 

where 1Z . 1 I=2 (2 s.o. !sin( cp 12) 
-4 

1 
I I I L) lsin(cp:, 1 2 )  (1) 

since the momenta form an isosceles triangle if the scattering 

is elastic. If the unit vectors are denoted as then  i' 

Solving equations (2) for a and b yields the forms: 

Any of thc three form6 may be used. However, s i n r e  t h e  reginn 

of q-space employed in any one measurement is only two dimensional, 

some of the solutions for a and b will be indeterminate. Thus, care 

must be taken to select a non-zero denominator to calculate a and b. 



1. 
~ r t a l  rcfercnce pt. 

(arbitrary) 

Figure 2. Relationship of calibration vectors and angles. 



Figure 3 .  Relat ionship  o f  ca l ibra t ions  and and angle re la t ionsh ips .  



Now from Fig. 2, the following angle relationships can 

be written: 

From Fig. 3 
- + +  (<-asl) (&aq)=bc2 ebG2 

2 2 
Q2+a2G:-2a~ 1 Qcos 6=b G2 

Finally from Fig. 3 

- 1 
For elastic scattering p(n-cp)/2 and cp2sin (Q/2ko) from 

Eq. 1. Since only elastic scattering can be performed on the Thumb 

diffractometer, these equations are sufficient to calculate the 

necessary angle settings cp and Y .  Inelastic scattering can be 



performed w i t h  t h e  F inge r  and T r i p l e  Axis spec t rometers .  S ince  

k  + k .  f o r  i n e l a s t i c  s c a t t e r i n g ,  t h e  cos ine  law y i e l d s  the r e l a t i o n s h i p  
f  1 

2  2  2  
cos  cp  = (k +k - Q ) /2kfki  f  i 

2 2  2  
cos  y = (Q  +k - kf)/2Qki i 

and t h e  s i n  law y i e l d s  t h e  r e l a t i o n s h i p  

sln cp = Q sir1 ,y /k 
0 f '  

Thus, 
-1 2 2 2  

y = cos ( ( Q  +ki-kf)/2Qki) 

- 1 and T = t a n  (7ki(l 
2 2 2  

sin y/(kf+kl-Q 1 . (8) 

Hence and Y f o r  i n e l a s t i c  s c a t t e r i n g  i s  determined by Eqs. 3, 4, 

5, 6, and 8. 

For t h e  Thumb, t h e s e  a r e  a l l  of t he  r equ i r ed  ang le s .  For 

t h e  F inger  ,and T r i p l e  Axis, t h e  ana iyze r  c r y s t a l  o r i e n t a t i o n  ha8 

LO Lc calculated. Thio i c  done u ~ i n g  the  Bragg Law. 

2dsinA =A o r  8 = s i n  -'(h/2d) ( 9 )  

For  t h e  T r i p l e  Axis d i f f r a c t o m e t e r ,  t h e  monochromator angle  i s  

a l s o  c a l c u l a t e d  from t h e  Bragg Law. 

F ina l ly ,  s e v e r a l  ang le s  can r o t a t e  i n  e i t h e r  sense  from t h e i r  

r e f e r e n c e  l i n e s .  Thus, t h e  codes a l low f o r  bo th  t h e  p o s i t i v e  and 

nega t ive  sense  of r o t a t i o n .  Angles s i g n s  a r e  p o s i t i v e  f o r  r o t a t i o n  

i n  t h e  r i g h t  hand sense  and nega t ive  f o r  r o t a t i o n  i n  t he  l e f t  hand sense .  



B .  Area Ca lcu l a t i on  

The a r e a  c a l c u l a t i o n  c o n s i s t s  of t h r e e  d i s t i n c t  s t e p s :  

l o c a t i o n  of  t he  background; removal of t he  background from t h e  

spectrum; and t h e  c a l c u l a t i o n  of  t h e  c e n t r o i d  o r  weighted mean 

of t h e  spectrum. For t h e s e  purposes  t h e  spectrum has  s i x  s a l i e n t  

f e a t u r e s :  t h e  s t a r t  of t h e  l e f t  background, t h e  end of t h e  l e f t  

background, t h e  s t a r t  of t h e  l e f t  s i d e  of t h e  peak, and t h e  

r e s p e c t i v e  f e a t u r e s  on t h e  r i g h t  s i d e  of t h e  spectrum. 

The background i s  determined a s  fo l lows:  t h e  average s tandard  

d e v i a t i o n  of  t h e  f i r s t  t h r e e  p o i n t s  i s  c a l c u l a t e d .  Next t h e  average 

of  t h e  t h r e e  p o i n t s  s t a r t i n g  a t  p o i n t  1 i s  compared wi th  t h e  average 
, 

of t h e  t h r e e  p o i n t s  s t a r t i n g  a t  p o i n t  2 .  I f  t h e  d i f f e r e n c e  i s  

g r e a t e r  t han  1 s t anda rd  dev ia t i on ,  then  t h i s  i s  no ted .  Comparison 

con t inues  f o r  p o i n t s  2 and 3 .  When t h r e e  consecut ive  comparisons 

a r e  g r e a t e r  than  t h e  s tandard  dev ia t i on ,  t h e  end of t h e  background 

i s  marked a t  t h e  f i r s t  comparison g r e a t e r  than  t h e  average s tandard  

d e v i a t i o n .  Thc pcalc i o  mnrlccd whcncvcr t h c  nurnbcr of  counto i o  

g r e a t e r  t han  n i n e t y  p e r  c e n t  of t h e  maximum number of counts  i n  t h e  

spectrum. 

Any f e a t u r e s  determined by t h e  t a s k  a r e  p r i n t e d  on t h e  t e l e t y p e .  

For t h e  backgrounds, t h e  average count  and key p o s i t i o n  i n  t h e  count 

f i l e  a r e  p r i n t e d .  For t h e  peak, t h e  s t a r t i n g  and ending key p o s i t i o n s  

a r e  p r i n t e d .  



I f  backgrounds a r e  determined on both s i d e s  of  t h e  spectrum, 

t hen  a s t r a i g h t  l i n e  i s  f i t t e d  t o  t h e s e  background p o i n t s .  This 

s t r a i g h t  l i n e  i s  then  s u b t r a c t e d  from the  spectrum. I n  t h i s  

manner t h e  spectrum can  be c o r r e c t e d  f o r  s lop ing 'backgrounds .  

The equa t ions  of  t h e  f i t  a r e :  

2  
where D=(C i) - n C  i2 (10) 

i i 

The sum ove r  i c o n t a i n s  t h e  p o i n t s  i n  t h e  le ,£t  backgroi.ind 

and t h e  r i g h t  background on ly .  n i s  the  t o t a l  number of  p o i n t s  

i n  t h e  sum. The i refers to the l o c a t i o n  of  each p o i n t  i n  t h e  

s p e c t r a l  a r r a y .  Conversion t o  p rope r  u n i t s  occurs  l a t e r .  

The e x p r e s s i o n  a i - b  i s  t hen  s u b t r a c t e d  from each y i n  
i 

t h e  spectrum. Th i s  causes  t h e  background t o  be p rope r ly  s c a t t e r e d  

about  a  z e r o  b a s e l i n e  a s  w e l l  a s  c o r r e c t i n g  the  peak f o r  any s lope  

i n  t h e  background. F i n a l l y ,  t h e  weighted mean and t h e  a r e a  a r e  

c a i c u l a t e d  and p r i n t e d  on t h e  t e l e t y p e .  The a r e a  i s  c a l c u l a t e d  

twice :  once by s t r a i g h t  summation, and once by Simpson's r u l e .  



where ELB and ERB a r e  t h e  end of t he  l e f t  and r i g h t  backgrounds 

r e s p e c t i v e l y .  

I f  the  peak has a  p l a t eau ,  i . e . ,  i f  t he  d i f f e r e n c e  between t h e  

keys marking the  peak i s  g r e a t e r  than  7 ;  t hen  the  mean i s  c a l c u l a t e d  

a s  fo l lows:  The average of t h e  counts  through t h e  peak i s  ca l cu la t ed .  

Three s tandard  dev ia t ions  of t h i s  average a r e  then  sub t r ac t ed  from i t .  

The e n t i r e  peak i s  then  searched u n t i l  t h e  f i r s t  p o i n t  on each s i d e  

of t he  peak g r e a t e r  than  t h i s  va lue  i s  found. The mean i s  j u s t  t h e  

average of t h e s e  p o s i t i o n s :  

where dcp i s  t h e  increment of  t he  spectrum a b s c i s s a ,  and cpo i s  the 

i n i t i a l  a b s c i s s a  va lues  of  t he  spectrum. I f  t h e  spectrum does not 

have a  p l a t eau ,  t he  weighted mean i s  c a l c u l a t e d  by the  expression:  

M=dq r (i- l )Yi /C yi+ cpo . 
i 

111. THE PDP-15 CODES 

I n  t h i s  s e c t i o n  t h e  PDP-15 r e a l  time c o n t r o l  codes w i l l  be 

d iscussed .  The c o n t r o l l i n g  codes f o r  each d i f f r a c t o m e t e r  a r e  s i m i l a r  

i n  l o g i c  s t r u c t u r e .  The b a s i c  d i f f e r e n c e  between the  T r i p l e  Axis 

d i f f r a c t o m e t e r  and t h e    it sub is hi d i f f r a c t o m e t e r s  i s  the  a d d i t i o n  of 

a secuud d e t e c t o r  on the  T r i p l e  Axis d i f f r a c t o m e t e r  and t h e  

p o s s i b i l i t y  of many more scans because of t h e  nine independent 

ang le s .  Since t h e  l o g i c  i s  s i m i l a r ,  the  codes w i l l  bc d iscussed  a s  

a group wi th  t h c  d i f f r a c t o m e t e r  d i f f e r e n c e s  LioteJ. Ally Lerms t h a t  



appear  s p e c i f i c a l l y  i n  t h e  codes w i l l  be p r i n t e d  i n  c a p i t a l  l e t t e r s .  

Since t h e  computer i s  core  bound r a t h e r  than  t ime bound, the 

ALECS language i s  a s u b s e t  of PL/I  which emphasizes t a sk ing .  This 

means t h a t  t h e  programs a r e  broken down i n t o  t a s k s  which a r e  loaded 

i n t o  core  when c a l l e d  and removed from co re  when they  a r e  ex i t ed .  

This Is an  e f f e c t i v e  ove r l ay  s t r u c t u r e  which minimizes core  usage 

f o r  a g iven  s e t  of t a s k s .  Thus, a l l  v a r i a b l e s  have t h e i r  compile 

t ime va lues  each t ime t h e  t a s k  i s  c a l l e d .  A l l  v a r i a b l e s  not  

e x p l i c i t l y  i n i t i a l i z e d  a r e  s e t  t o  ze ro  o r  blank.  

I n  a t a s k i n g  system, t a s k s  can be executed asynchronously, 

i . e . ,  s e v e r a l  t a s k s  a r e  executed s imultaneously i n  t h e  same time 

frame, a s  w e l l  a s  synchronously, i . e . ,  t h e  execu t ion  of the  c a l l i n g  

t a s k  i s  suspended u n t i l  c o n t r o l  i s  r e tu rned  from the  c a l l e d  t a s k ,  

The asynchronous t a s k  c a l l  a l l ows  s e v e r a l  ope ra t ions  t o  be performed 

concurren t ly ,  e . g . ,  w r i t i n g  d a t a  t o  d i s k ' a n d  p r i n t i n g  on t h e  t e l e t y p e .  

The r eade r  should r e f e r  t o  t h e  PL/I  language r e f e r e n c e  manual f o r  a 

* 
more d e t a i l e d  d i s c u s s i o n  of t a sk ing  . 

Since  b i t  manipula t ion  i s  common i n  t h e s e  t a sks ,  r o t a t e  

accumulator f u n c t i o n s  have been implemented i n  t he  language. 'l'hese 

a r e  Rota te  Accllmulator Le f t  (RAL) and Rota te  Accu~i~ula tor  Right  (RAR). 

* 
IBM System1360 Operat ing System PL/I  (F)  Language Reference 

Manual F i l e  No. S360-29. 



These al low informat ion  t o  be packed i n t o  one word without  u s ing  

f ixed  mul t ip ly  and d i v i d e  ope ra t ions .  The b i t  v a r i a b l e s  a r e  dec lared  

f i x e d  throughout a s  t h e r e  i s  no f ixed  t o  b i t  conversion.  Thus b i t  

a r i t h m e t i c  i s  c o n s t a n t l y  done wi th  f i x e d  numbers. Therefore,  

t 
ope ra t ions  with Boolean o p e r a t o r s  should be considered b i t  opera t ions  . 

The remainder of  t h i s  s e c t i o n  w i l l  be used t o  d e s c r i b e  the  

i n d i v i d u a l  t a s k s  of t h e  v a r i o u s  t a s k  t r e e s  ( s ee  F igs .  4 / 5 ) .  The 

s e c t i o n  w i l l  be  d iv ided  i n t o  subsec t ions  t o  d i s c u s s  t he  experiment 

codes, t h e  p l o t t e r  codes, and the  a r e a  c a l c u l a t i o n  and t ape  punching 

codes . 

A. The Dif f rac tometer  Control  Codes 
I 

The b a s i c  func t ions  of any of t he  exper imenta l  codes i s  t o  s e t  

up t h e  scan t o  be executed, c o l l e c t  t h e  da t a ,  w r i t e  t he  d a t a  t o  

d i sk ,  and p r i n t  t h e  d a t a  t o  t e l e t y p e .  Since t h e  computer o r  t h e  

r e a c t o r  can misfunct ion,  allowances a r e  made f o r  r e s t a r t i n g  t h e  t a s k s  

a t  t h e i r  p o i n t  of i n t e r r u p t i o n .  This  means t h a t  t h e  d a t a  s e t  

conta in ing  t h e  scan  f i l e s  must be updated a s  each d a t a  p o i n t  has  

completed. 

The t e l e t y p e s  au toma t i ca l ly  t u r n  on whenever a  c h a r a c t e r  i s  

s e n t  t o  be p r i n t e d .  This  i s  t o  a l low the  t e l e t y p e  motor t o  be 

turned  nff  dur ing  t h e  90% of t h e  time d a t a  a r e  being collected. 

Since t h e  t e l e t y p e  t akes  s e v e r a l  mi l leseconds  t o  g e t  up t o  speed, 

Jx 
I f  any b i t  i n  a  v a r i a b l e  i s  s e t ,  t h e  v a r i a b l e  i s  considered 

s e t .  I f  no b i t s  a r e  s e t ,  then the v a r i a b l e  i s  considered r c o c t .  
A b i t  i s  s e t  when i t  has t h e  va lue  1 and r e s e t  when i t  has t he  
va lue  0. 



Figure 4. Task trees f o r  i n i t i a t i n g  r e a l  time c o n t r o l  experiment.  
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a  rubout  c h a r a c t e r  i s  s e n t  t o  s t a r t  t h e  t e l e t y p e .  The t a s k  pauses 

116 second a f t e r  sending t h i s  c h a r a c t e r  t o  a l low t h e  t e l e t y p e  motor 

t o  come up t o  speed.  I f  t h i s  i s  no t  done, then  s e v e r a l  cha rac t e r s  

of  t h e  output  l i n e  may be l o s t .  

Routine START i s  c a l l e d  t o  i n i t i a t e  a  s e r i e s  of scans .  INPUT 

i s  c a l l e d  t o  s e t  up t h e  i n i t i a l  scan and d a t a  f i l e s .  The f i l e  

number on t h e  count  d a t a  s e t  i s  e x t r a c t e d  from ANS and s t o r e d  i n  

c a s e  the  scans  a r e  changed a f t e r  i n p u t .  I f  a  scan  i s  be ing  changed 

(BIT + 0),  t hen  t h e  previous  scan  i s  read  u n l e s s  i t  i s  t h e  f i r s t  

s can  on t h e  d a t a  s e t .  I f  t h e  end of f i l e  b i t  i s  s e t  on t h e  previous 

f i l e ,  t he  s can  d a t a  s e t  w i l l  be extended. The end of f i l e  b i t  i s  

r e s e t  and t h e  scan i s  r e w r i t t e n  t o  t h e  d a t a  s e t .  

I f  t h e  scans  a r e  being updated, t hen  the  task r e t u r n s  c o n t r o l  

to the c a l l i n g  t a s k .  Otherwise i f  t h i s  i s  t he  l a s t  scan  t o  be 

en t e red ,  then  BIT i s  s e t  t o  t h e  scan  number j u s t  e n t e r e d ;  otherwise 

t h e  next  s can  i s  e n t e r e d .  The va lues  of ANS and WYSAVE a r e  r e s to red  

be fo re  r e t u r n  i n  c a s e  t h i s  t a s k  i s  c a l l e d  aga in .  'i'he proper  d r i v i n g  

t a s k  i s  now c a l l e d .  

The d r i v i n g  t a s k  s e t s  up t h e  scan  f i l e  SearePng wirh rhe file 3. 

It t e s t s  t o  s e e  i f  t h e  scan i s  complete.  I f  so, t h e  end of f i l e  b i t  

i s  t e s t e d  t o  s e e  i f  t h a t  i s  t h e  l a s t  scan  on the  f i l e .  I f  so,  the 

t a s k  i s  te rmina ted ;  o therwise  t h e  next  scan f i l e  i s  r ead .  The f i r s t  

s can  t h a t  has  not  completed i s  executed.  



When t h e  scan i s  s e n t  t o . t h e  910 f o r  execut ion,  an  ou tpu t  

t a s k  i s  c a l l e d  asynchronously, except  f o r  t h e  Mi t sub i sh i  STEPSCAN 

t a s k s .  The i n i t i a l  va lues  of the scan parameters  a r e  not  changed 

on t h e  d a t a  s e t  t o  a l low scans  t o  be repea ted .  

A l l  scans  i n i t i a l l y  have KEYl s e t  t o  t h e  s t a r t i n g  key f o r  the 

d a t a  f i l e . .  Af te r  t h e  scan  i s  complete, KEYl becomes t h e  s t a r t i n g  

key f o r  t h e  next  d a t a  f i l e .  A s  t h e  scans  a r e  read  f o r  a r e s t a r t ,  

K E Y l  must no t  be updated i f  t h e  scan  i s  no t  complete s i n c e  i t  

con ta ins  t h e  c u r r e n t  ou tput  key va lue .  When a  new scan  i s  s t a r t e d  

KEYl i s  s e t  t o  t he  s t a r t i n g  key of t h e  next  d a t a  f i l e  which i s  , 

held  i n  l o c a t i o n  SAVE. 

The T r i p l e  Axis t a s k  sends a  scan  a s  soon a s  i t  i s  s e t  up. 

The Mi tsubish is ,  however, must gene ra t e  a  c h a r a c t e r  i n t e r r u p t  before 

t hey  can r e c e i v e  a  scan  ( r e f e r  t o  t h e  d i s c u s s i o n  i n  t he  next  s e c t i o n ) .  

The s t a r t  commands f o r  t h e  Mi t sub i sh i  a r e  scheduled upon t h e  experiment 

f i l e  open. When t h e  d r i v i n g  t a s k  has a  scan  s e t  up, i t  wa i t s  f o r  an 

i n t e r r u p t  from t he  910 i .ndicat i .ng  t h a t  t h e  Mi tsubich i  i o  ready for 

a  scan.  Normally a n  event  v a r i a b l e  w i l l  be  s e t  complete t o  i n d i c a t e  

t h a t  t h e  i n t e r r u p t  has  been r ece ived .  

Af t e r  t h e  scan i s  s t a r t e d  by the  app ropr i a t e  d i f f r ac tome te r ,  

t h e  t a s k  e n t e r s  a  wai t  s t a t e .  When a  count i s  complete, o r  an 

abnormal i n t e r r u p t  h i t s ,  t h e  event  c o n t r o l l i n g  t h e  wai t  s t a t e  i s  s e t  

complete. The i n t e r r u p t  oncode i s  t hen  examined t o  determine the 

cause of t h e  i n t e r r u p t .  The oncodes f o r  t h e  T r i p l e  Axis a r e  given 



i n  Table 2, whi le  t h e  oncodes f o r  t h e  Mi t sub i sh i s  a r e  g iven  i n  

Subsec t ion  1V.b. 

I f  t h e  i n t e r r u p t  i s  a count  complete, then  t h e  d a t a  a r e  read 

from t h e  910. The event  c o n t r o l l i n g  t h e  output  t a s k  i s  s e t  

complete t o  a l l ow t h e  output  t o  t h e  t e l e t y p e  t o  be p r i n t e d .  The 

d a t a  a r e  w r i t t e n  t o  d i s k  while  it i s  p r i n t e d  on the  t e l e t y p e .  The 

even t  v a r i a b l e  which i n d i c a t e s  t h a t  t h e  t e l e t y p e  output  i s  complete 

i s  s e t  and t h e  scan  f i l e  i s  updated.  The t a s k  then  r e t u r n s  t o  the 

w a i t  s t a t e  f o r  t h e  next  d a t a  p o i n t .  Af t e r  t he  f i n a l  d a t a  p o i n t  

has  been c o l l e c t e d ,  t he  t a s k  goes on t o  t h e  next  scan .  

A l l  t a s k s  r c q u i r i n g  a r i t h m e t i c  t e l e t y p e  inpu t  have conversion 

ON BLOCKS t o  t , rap conversion e r r o r s .  This keeps t a s k s  from abending 

i f  a  non-ar i thmet ic  c h a r a c t e r  i s  en te red  by mis take .  Also, a l l  t a s k s  

u s i n g  the  count  d a t a  s e t s  have e r r o r  ON BLOCKS t o  t r a p  a d a t a  s e t  

s e i z e d  f l a g  s i n c e  t h i s  causes t h e  t a s k  t o  t e rmina te .  This  

! 
ON BLOCK pauses and then  t h e  t a s k  schedules  t he  OPEN f i l e  aga in .  

Th i s  sof tware  i s  r e q u i r e d  t o  have t r u e l y  shared f i l e s  a s  t h e  system 

does not  handle  shared f i l e s .  The scan  d a t a  s e t  i s  open throughout 

the t a s k  execu t ion  t o  p r o t e c t  it from a c c i d e n t l y  being w r i t t e n  t o  

wh i l e  a  t a s k  i s  execu t ing .  

* 
DBLRCK: 

C a l l  l i s t  parameters:  

TITLE - heading t o  be p r i n t e d  a t  s t a r t  of each scan 
on the  t e l e t y p e .  

SCANIN - f i l e  con ta in ing  scans t o  be run .  

* 
Users ~ u i d @  t o  Finger ,  Thumb, and T r i p l e  Axis Real Time 

Experiment Cont ro l  Programs. T. G .  P i n t e r  and E .  M. Notis ,  
IS-4169, Ames Laboratory USDOE, Iowa S t a t e  Univers i ty ,  Ames, Iowa. 



This t a s k  i s  the  c o n t r o l l i n g  t a s k  f o r  a  double rock experiment.  

The encoders  a r e  read  t o  l o c a t e  t h e  p o s i t i o n s  of t h e  arms f o r  the  

T r i p l e  Axis. The number of s t e p s  f o r  each spectrum i s  r e t r i e v e d .  

The proper  s p e c t r a l  va lues  a r e  s e t  up f o r  t h e  spectrum being performed. 

I f  t he  scan i s  being r e s t a r t e d ,  i . e . ,  one of t h e  two s p e c t r a  of t h e  

scan i s  i n  progress ,  then  the  s p e c t r a l  va lues  a r e  r e t r i e v e d  t o  complete 

t h e  scan and t h e  scan i s  s e n t  t o  t h e  910. I f  a  spectrum of a  given 

scan  i s . t o  be s t a r t e d ,  t hen  t h e  t a s k  c a l l s  t a s k  WHATSCAN t o  s e t  up 

the  proper  scan  parameters .  On r e t u r n  from WHATSCAN, the  d a t a  f i l e  

i s  i n i t i a t e d .  The s p e c t r a  f o r  t he  double rock  a r e  r e p e a t e d l y  w r i t t e n  

over each o t h e r .  

ROCKOUT i s  c a l l e d  asynchronously f o r  p r i n t i n g  t h e  scan on the  

t e l e t y p e  and the  scan i s  s e n t  t o  t h e  910. The t a s k  then  e n t e r s  t h e  

scan loop.  Upon completion of t h e  scan  loop, AUTOAREA i s  c a l l e d  t o  

c a l c u l a t e  t h e  weighted mean and t h e  a r e a  under t h e  spectrum. Upon 

r e t u r n  from AUTOAREA, the  change i n  t h e  mean from t h e  l a s t  spectrum 

i s  c a l c u l a t e d  and compared a g a i n s t  t he  convergence c r i t c r i o n  f o r  t h i s  

scan.  I f  t h e  change i s  l e s s  than  t h e  convergence c r i t e r i o n ,  then t h e  

i t e r a t i o n  counter  i s  incremented; o thcrwise  t h e  i t e r a t i o n  counter  i s  

r e s e t .  I f  t h e  i t e r a t i o n  counter  i s  2, t hen  the  scan  i s  complete and 

t h e  f i n a l  means a r e  p r i n t e d  on t h e  t e l e t y p e .  The s t a t e  of t h e  scan 

i s  w r i t t e n  t o  t h e  scan  f i l e  and t h e  t a s k  t r a n s f e r s  c o n t r o l  t o  read a  

new scan  o r  t o  s e t  up a  new spectrum. 



DISKREAD : 

This  i s  a  u t i l i t y  t a s k  f o r  p r i n t i n g  t h e  con ten t s  of t he  da t a  

f i l e  on t h e  t e l e t y p e .  The t a s k  r e q u e s t s  t h e  f i l e  t o  be dumped. 

The d a t a  s e t  i s  searched  f o r  t h e  proper  f i l e  by reading  the  p o i n t e r  f o r  

t h e  f i r s t  f i l e  t o  l o c a t e  t he  next  f i l e  e t c .  u n t i l  t h e  d e s i r e d  f i l e  

i s  reached.  Record 1 of  the f i l e  i s  r ead .  Word 1 determiries which 

type  of  experiment i s  on the  f i l e  and c o n t r o l  i s  t r a n s f e r r e d  t o  t h e  

p rope r  p r i n t  code. The i n i t i a l  va lues  of t h e  scan parameters  a r e  

p r i n t e d  on t h e  t e l e t y p e  followed by t h e  key v a l u e s  and t h e  d a t a v a l u e s .  

C a l l  l i s t  parameters:  

LOCK - word con ta in ing  b i t s  s e t  f o r  no arm motion. 
SCANIN - d a t a  s e t  upon which t o  w r i t e  t h e  scan  f i l e s .  
INKEY - key of t h e  f i l e  e n t r y  on t h e  scan d a t a  s e t .  
KEYSAVE - i n i t i a l  key v a l u e s  of t h e  d a t a  f i l e  on the  

count  d a t a  s e t .  
C - b i t s  018 con ta in  the  d a t a  f i l e  number f o r  t h e  

f i r s t  f i l e  on t h e  count d a t a  s e t .  
BIT - on i n p u t  i t s  va lue  i s  1 f o r  t h e  scan  replacement 

only,  0 f o r  i n i t i a l  scan  input ,  and -1 for replacement 
of t h e  f i r s t  scan  on t h e  f i l e .  On r e t u r n  i t  conta ins  
t h e  key va lue  of t he  l a s t  scan  e n t e r e d .  

This t a s k  i s  t h e  inpu t  t a s k  f o r  double rock experiments .  

The scan  type  i s  scanned t o  s e t  t h e  proper  b i t s  i n  the  move word 

f o r  t h e  r e s p e c t i v e  a n g l e s  which w i l l  move dur ing  t h e  scan .  For 

t h e  M i t s u b i s h i s  t h e s e  a r e  always t h e  GA-arm and t h e  sample t a b l e .  

The inpu t  v a l u e s  a r e  s t o r e d  on t h e  d a t a  se t  and inpu t  f o r  t h e  next 

s c a n  i n  r eques t ed .  



DUMPSPD: 

This  i s  a  u t i l i t y  t a s k  f o r  dumping t h e  semi-permanent d a t a  

from t h e  f i l e  SCANTEST. The semi-permanent d a t a  a r e  changed on 

both t h e  SCANIN and SCANTEST d a t a  s e t s  when t h e  SCANIN d a t a  s e t  

i s  updated. This  a l lows t h e  semi-permanent d a t a  t o  be dumped when 

an-  experiment i s  running.  The f i l e  SCANIN cannot  be accessed while 

an experiment i s  being executed f o r  p r o t e c t i o n  r ea sons .  

GENHEAD: 

C a l l  l i s t  parameters :  

PRESET - count ing i n t e r v a l  f o r  t h e  scan.  
PT1 - a r r a y  con ta in ing  p o i n t e r s  f o r  t h e  ang le s  

which move du r ing  t h e  scan.  
PT - p o i n t e r ' t o  t h e  proper  heading f o r  t h e  scan.  
ANG - a r r a y  con ta in ing  t h e  i n i t i a l  va lues  of t h e  

ang le s .  
SCNTYP - t h e  scan type  be ing  executed.  

The scan  type  and heading p o i n t e r  a r e  i n t e r r o g a t e d  t o  p r i n t  

t h e  proper  headings on t h e  t e l e t y p e  f o r  t h e  T r i p l e  A x i s  experiment 

being pe r  formed. 

GENOUTPUT : 

C a l l  l i s t  parameters :  

PRESET - count ing  i n t e r v a l  f o r  t h e  scan .  
OUTKEY - t h e  key va lue  o f  t h e  d a t a  e n t r y  on t h e  

c o u n t .  d a t a  s e t  . 
ANGOUT - a r r a y  con ta in ing  t h e  values of t h c  ang le s  

t o  be p r i n t e d .  
COUNTS - a r r a y  con ta in ing  t h e  d a t a ,  background, and 

non p r e s e t  count ing  i n t e r v a l .  
PT1 - p o i n t e r  t o  t h e  proper  scan  ou tpu t  format .  
E4 - event  v a r i a b l e  f o r  s i g n a l s  t o  STEPSCAN. 
A - number of d e t e c t o r s  used i n  t h e  scan .  



This  r o u t i n e  p r i n t s  the  key va lue ,  angles ,  and t h e  counts  on 

t h e  t e l e t y p e  du r ing  a  T r i p l e  Axis gene ra l  s t epscan  experiment.  The 

p rope r  l eng th  ou tpu t  s t r i n g  i s  passed t o  t h e  i n t e r n a l  t a s k  PRINT f o r  

t h e  e d i t i n g  o f  t h e  o u t p u t  l i n e .  The angles  a r e  updated and p r in t ed  

a s  each  d a t a  p o i n t  complete i s  rece ived  from the  910. 

CETSCAN: 

C a l l  l i s t  parameters:  

SCANIN - d a t a  s e t  t o  w r i t e  t he  scans .  
ANS - b i t s  018 con ta in  t h e  d a t a  f i l e  number f o r  the  

f i r s t  scan, b i t  1 7  i s  s e t  f o r  w r i t i n g  d e s c r i p t i o n s  
u1 each lilic of sean count doto s o t .  

INKEY - key of t he  f i l e  e n t r y  on the  scan d a t a  s e t .  
KEYSAVE - i n i t i a l  key va lue  of t h e  d a t a  f i l e  on t h e  

count  d a t a  s e t .  
BIT - on i n p u t  i t s  va lue  i s  1 f o r  scan  replacement only, 

0 f o r  i n i t i a l  scan input ,  and -1 f o r  replacement of 
f i r s t  scan 011 the  f i l e .  On r e t u r n  i t  con ta ins  t h e  
key va lue  of t h e  l a s t  scan  f i l e  en t e red .  

The a p p r o p r i a t e  f i l e  of the  semi-permanent d a t a  i s  read t o  

r e t r i e v e  the  p l ane  of t h e  scan and the  T r i p l e  Axis i n d i c e s  f o r  

t h e  2-dimensional v e c t o r .  The appropr i a t e  bits i n  PRIN - EN f o r  

T r i p l e  Axis a r e  s e t  and < i s  reduced from t h e  3-dimensional input  

v e c t o r  t o  t h e  2-dimensional scan  v e c t o r  and t h e  scan  i s  w r i t t e n  

t o  d i s k .  

C a l l  l i s t  parameters:  

EXPTYPE - experiment i d e n t i f i e r .  
TITLE - heading f o r  t h e  t e l e t y p e  ou tpu t .  
SCANIN - d a t a  s e t  conta in ing  t h e  scan  f i l e s .  
LOCK - word conta in ing  t h e  b i t s  s e t  t o  hold arms 

f i x e d  throughout t h e  scan.  
BIT - s e t  i f  count d a t a  s e t  i s  not  t o  be accessed.  
E 1 - event  v a r i a b l e  t o  a l low f i l e  0  of scan d a t a  

s e t  t o  be w r i t t e n .  



This  t a s k  c o n t r o l s  t he  inpu t  f o r  a l l  t he  experiments .  The 

T r i p l e  Axis code s e t s  up LOCK. The b i t s  9/17 of LOCK a r e  s e t  i f  

t h e  r e s p e c t i v e  % - eA2 arm i s  not  t o  move dur ing  the  scan .  The 

s t a r t i n g  d a t a  f i l e  on t h e  count d a t a  s e t  i s  then  en te red  on t h e  

t e l e t y p e .  The d a t a  f i l e s  a r e  searched t o  l o c a t e  the  s t a r t i n g  key 

f o r  the d a t a  f i l e  f o r  t h i s '  scan, KEYSAVE. KEYSAVE i s  then  passed 

t o  t h e  inpu t  t a s k  f o r  w r i t i n g  on each scan f i l e .  

The t h r e e  l e t t e r  code f o r  t h e  experiment type then  determines 

which inpu t  t a s k  must be c a l l e d .  Af t e r  r e t u r n  from t h e  inpu t  task ,  

any g iven  f i l e  can  be co r r ec t ed  by e n t e r i n g  t h e  d e s i r e d  f i l e  number. 

I f  t he  l a s t  scan on the  f i l e  i s  t o  be rep laced ,  then BIT i s  s e t  so  

t h a t  the end of f i l e  b i t  w i l l  be r e s e t ,  and a d d i t i o n a l  scans  can be 

read;  o therwise  BIT i s  s e t  s o  t h a t  on ly  t h e  s p e c i f i e d  scan w i l l  be 

rep laced .  INKEY i s  s e t  t o  the key of  t h e  scan  f i l e  t o  be r e w r i t t e n .  

Control  i s  then  passed t o  t he  proper  input  t a s k .  F i n a l l y  t h e  new 

TITLE i s  w r i t t e n  onto  the  count d a t a  s e t .  

INPUTGEN: 

Ca l l  l i s t  parameters:  

LOCK - word conta in ing  b i t s  se t  f o r  no  arm motion. 
SCANIN - d a t a  s e t  upon which t o  w r i t e  the  scan f i l e s .  
INKEY - key of the  scan  f i l e .  
KEYSAVE - i n i t i a l  key val i ies  nf t h e  d a t a  f i l e  on thc  

count d a t a  s e t .  
STPSZE - on inpu t  b i t s  018 c o n t a i n  the  d a t a  f i l e  number 

f o r  t he  f i r s t  scan  on t h e  count  d a t a  s e t .  
BIT - on inpu t  i t s  va lue  i s  1 f o r  t he  scan  replacement 

only, 0 f o r  i n i t i a l  scan  input ,  and -1 f o r  
replacement of t h e  f i r s t  scan  on the  f i l e .  On 
r e t u r n  it con ta ins  t h e  key va lue  of t h e  l a s t  
scan en te red .  



This  i s  t h e  i n p u t  t a s k  f o r  a  gene ra l  scan  experiment.  The 

scan  type  i s  scanned t o  determine which b i t s  i n  t h e  move word should 

be s e t  i n  SCNTYP. B i t s  7 and/or  8 of SCNTYP a r e  s e t  i f  d e t e c t o r  2 

and/or  d e t e c t o r  1 a r e  t o  be used.  SETUP i s  an i n t e r n a l  t a s k  used t o  

s e t  t h e  proper  angle  b i t  i n  SCNTYP. 

SETUP : 

C a l l  l i s t  parameters:  

I - t h e  p o i n t e r  of t he  angle  t o  be moved 
i n  t h e  scan .  

K - counter  f o r  t he  number of ang le s  
muvlug 1 1 1  Ll le s c a ~ i .  

This  i n t e r n a l  t a s k  i n  the  T r i p l e  Axis code computes 

the  i n i t i a l  scan  angle  f o r  ang le s  moving du r ing  

t h e  scan,  s t o r e s  t h e  ang le  index i n  t he  a r r a y  f o r  

ang1.e~  which move, and s e t s  the  proper  b i t  i n  SCNTYP. 

The ang le  increment  i s  ass igned  f o r  t he  f i r s t  two ang le s  

of t h e  scan  which move. 

INPUTSP o r  INPUTO: 

Call l i s t  parameters:  

SCANIN - f i l e  used by c a l l i n g  taalc, 
TEST - l i n e  number f o r  semi-permanent d a t a  e n t r y .  
ANS - s e t  f o r  w r i t i n g  d e s c r i p t i o n s  of each l i n e  of 

semi-permanent d a t a .  
WRITE - s e t  t o  update  f i l e  SCANTEST. 

'i'his t a s k  a l lows  inpu t  of t h e  semi-permanent d a t a .  A l l  o r  p a r t  

o f  t hese  d a t a  can be en te red  dur ing  any t a s k  c a l l .  

The c u r r e n t  semi-permanent d a t a  a r e  read upon e n t r y  i n t o  the 

t a s k  and t h e  c u r r e n t  c a l i b r a t i o n  v e c t o r  i n d i c e s  a r e  e s t a b l i s h e d .  



Control is transferred to the requested line number for data input. 

After all of the semi-permanent data have been entered, the plane 

of the scan is determined by testing the possible values of the 

denominators of a and b (Eqs. 3). The 2 unit vectors are assigned 

and the plane identification is assigned. The indices of the 3-d 

&re packed into SCAN in the Triple Axis codes. The magnitudes of 

the calibration vectors are calculated using Eqs. 1. ETA is 

calculated using Eqs. 4. The semi-permanent data are written on the 

proper scan file. If the semi-permanent data are being changed during 

a run, they are also updated on the data set SCAN TEST. 

INTTEST: 

Call list parameters: 

J - interrupt vector oncode. 
T R I M  - experiment file. 
ANGIN - array containing current angles. 
This task handles abnormal interrupts for the .Triple Axis 

diffractometer only. See Table 2 for the ONCODES. The 6 low order 

bits containing the angle pointer are extracted from the oncode. 

The task tests to see if bit 11 is set. If so, then the encoders 

are read and the angle causing the overshoot, along with its current 

and desired values are printed on the teletype. If bit 15 is set 

then the bumper limit error is printed. If bft 16 1s set then the 

panic error is printed. If bits 9 or 10 are set, theu the lligh or 

low limit switch error is printed along with the arm that hit the 

switch. These are external limit switches physically attached to 



t h e  d i f f r a c t o m e t e r .  They a r e  not  t o  be confused wi th  the  i n t e r n a l  

l i m i t  swi tches  i n  t he  semi-permanent d a t a .  The execut ion  of the  

d r i v i n g  t a s k  i s ' h a l t e d  when any of t he  l a t e r  four  i n t e r r u p t s  a r e  

d e t e c t e d ;  o therwise  c o n t r o l  i s  r e tu rned  t o  t h e  c a l l i n g  t a s k .  

Cal l  l i s t  parameters:  

TITLE - heading to be pri11Lrrl al: s t a c t  of each 
scan  on t h e  t e l e t y p e .  

SCAIJIIJ - I L l e  ~ ~ ~ ~ L b i r l i l l g  3 5 6 1 1 3  L O  bt ~ ' L ~ I I .  

INKEY - key of  c u r r e n t  scan f i l e  being processed.  

This t a ~ k  i s  t h e  d r i v i n g  task fnr  a q(E) scan. Since and 

v determine t h e  ang le  s e t t i n g s ,  a  g iven  scan i s  t r e a t e d  a s  N2 

s e p a r a t e  scans ,  each scan  having N 1  p o i n t s .  The N 1  d a t a  p o i n t s  

a r e  c o l l c c t c d  st one angle  s e t t i n g  s i n c e  t h e  counting times a r e  

long.  This  a l lows  t h e  d a t a  t o  be checked s t a t i s t i c a l l y  f o r  

abnormal f l u c t u a t i o n s  i n  t h e  count .  The angles  a r e  s t o r e d  o n  d i s k  

a s  they  a r e  c a l c u l a t e d .  The va lue  of NOS depends on the  p a r t i c u l a r  

d r i v i n g  t a s k .  T r i p l e  Axis code s e l e c t s  a  d i f f e r e n t  ou tput  t a s k  

f o r  N l = 1  and N 1  + 1. NOS p o i n t s  can be c a l c u l a t e d  a t  any one time. 

Thus, a g iven  experiment may c o n s i s t  of s e v e r a l  p a r t i a l  scans .  

Task QHEAD i s  c a l l e d  t o  s e t  up t e l e t y p e  headings and t o  

i n i t i a l i z e  t h e  count  d a t a  f i l e .  On r e t u r n ,  the  scan be ing  performed 

i s  rcad  by t h e ' l 5 .  The number of s t e p s  l e f t  i n  t h e  scan  i s  e x t r a c t e d  

from NSL, Th i s  va lue  i s  reduced t o  t h e  modulo v a r i a b l e  NSC f o r  t h e  

p a r t i a l  scan .  NOS i s  t h e  number of angles  t o  be c a l c u l a t e d  i n  

Q(E)CALC. I f  NSC i s  zero,  t hen  t h e  next  s e t  of angles  must be 



c a l c u l a t e d ;  o therwise  some remain unprocessed from the  previous  run.  

The proper  output  t a s k  i s  c a l l e d  asynchronously. These t a sks  

handle t h e  t e l e t y p e  I / O  a s  we l l  a s  t e s t i n g  t h e  s t a t i s t i c s  of mu l t ip l e  

counts  a t  one p o i n t .  

The scan loop processes  NOS s t e p s .  The angles  a r e  read and 

t e s t e d  t o  see  i f  any of them have exceeded t h e i r  i n t e r n a l  l i m i t s .  

I f  so, then  t h e  p o i n t  i s  skipped.  The encoders a r e  read  t o  compute 

the  c u r r e n t  p o s i t i o n s  of the  arms. I f  d e t e c t o r  1 i s  being used, 

angles  28  s2-20A2 a r e  always f i x e d .  S i m i l a r l y  angles  20 S1-20A1 a re  

f i xed  f o r  d e t e c t o r  2. Next t h e  angles  a r e  t e s t e d  f o r  backlash.  

The angles  which do not  move dur ing  t h e  scan a r e  checked f o r  d r i f t  

before  each new scan  i s  s e n t  t o  t h e  910. I f  they  a r e  more than  

1 hundreth of a  degree from t h e i r  c a l c u l a t e d  pos i t i on ,  t hen  they  

a r e  backlashed and r e tu rned  t o  t h e i r  c a l c u l a t e d  p o s i t i o n .  I f  the 

angle  . i s  be ing ,  scanned, then  backlash ' i s  on ly  done when the. angle 

moves i n  t he  negat ive  d i r e c t i o n .  

This i s  the  s t a r t  of t he  count  loop f o r  N 1  counts .  When a 

count  complete i n t e r r u p t  h i t s ,  t he  d a t a  a r e  w r i t t e n  on the  p a r t i a l  

count f i l e .  This  a l lows  t h e  p a r t i a l  counts  t o  be r e t r i e v e d  i f  the 

t a s k  i s  stopped dur ing  t h e  p a r t i a l  scan .  This  i s  t h e  end of  t h e  

count loop. 

I f  t he  p o i n t  i s  s t a t i s t i c a l l y  acceptah le ,  t hen  t h e  cum i s  

w r i t t e n  i n  t h e  app ropr i a t e  record  of the  d a t a  f i l e .  

Upon completion of t h e  scan  loop, t h e  output  t a s k  i s  e x i t e d .  

I f  t h e r e  a r e  p o i n t s  remaining i n  t h e  f u l l  scan, con t rn l  i s  t r a n s f e r r e d  



t o  Q(E)CALC. I f  t h e ' e n d  of t h e  d a t a  s e t  b i t  i s  r e s e t ,  then  c o n t r o l  

i s  t r a n s f e r r e d  t o  s t a r t .  of an experiment;  otherwise,  t he  program 

i s  te rmina ted .  

C a l l  l i s t  parameters :  

NS - number of angles  t o  be c a l c u l a t e d .  
INKEY - key of t h e  c u r r e n t  s can  f i l e .  
SCANIN - d a t a  s e t  conta in ing  t h e  scan  f i l e s .  
K S - s t a r t i n g  key f o r  s t o r i n g  c a l c u l a t e d  angles  

on d a t a  ~ e t  ANGS'I'K: 0 f o r  run; t e s L  value 
depends on the  experiment.  

NSL - number of  s t e p s  completed i n  t he  scan.  

This  t a s k  c a l c u l a t e s  t he  ang le s  of t h e  scan from t h e  

wavevectors i n  r e c i p r o c a l  space.  

The semi-permanent d a t a  and t h e  scan  f i l e  a r e  read i n t o  t h e i r  

-D 

r e s p e c t i v e  s t r u c t u r e s .  Since t h e  components of q and v a r e  not  

upda ted ,  t h e  c u r r e n t  v a l u e s  musr  be c a l c u l a t e d .  COST and s i n 7  a r e  

a l s o  c a l c u l a t e d .  The T r i p l e  Axis 8/28 p a i r  which w i l l  no t  v a r y  

du r ing  t h e  scans i s  ca l cu la t ed  using Eq. 9. This s t a r t s  t h e  angle 

-D 

c a l c u l a t i o n  loop.  Compute q f o r  t h i s  scan  p o i n t  u s ing  Eq .  6. 

Compute 2OS1 us ing  Eqs. 8. Compute '4 us ing  Eqs. 7 and 8. 

Compute t h e  va ry ing  8/28 p a i r .  Wri te  t h e  angles  t o  d i s k  and r epea t  

t h e  angle  c a l c u l a t i o n  f o r  t h e  next  p o i n t .  

I f  bo th  T r i p l e  Axis d e t e c t o r s  a r e  being used, compute 2GS2 

us ing  Eqs. 8 and t h e  8  /2eA2 p a i r  u s ing  E q .  9 .  The i n e l a s t i c  A2 

s c a t t e r i n g  phonon energy f o r  d e t e c t o r  2  i s  computed. The ang le s  and 

phonon energy a r e  w r i t t e n  t o  d i s k  f o r  u se  by t a s k  Q(E)SCAN. 



The fol lowing i n t e r n a l - t a s k s  a r e  used i n  Q(E)CALC. 

C ALANG : 

C a l l  l i s t  parameters:  

1 .  - used f o r  c a l c u l a t i o n  of t h e  momentum vec to r .  
I f  s e t ,  t h e  kV=sqrt(1.995998E);  e l s e  
k l = s q r t  (K). 

E  - energy used f o r  momentum v e c t o r  c a l c u l a t i o n .  
K - square of momentum vec to r ,  used i f  I i s  r e s e t .  

This t a s k  c a l c u l a t e s  t he  s c a t t e r i n g  angle  u s ing  t h e  Bragg 

Law (Eq. 9 ) .  

ANGS T  : 

This  t a s k  t e s t s  t h e  c a l c u l a t e d  ang le s  a g a i n s t  t h e i r  

i n t e r n a l  l i m i t s  and adds the  ze ro  r e fe rence  ang le s .  The 

t a s k  - t e s t s  t o  s e e  i f  s c a t t e r i n g  angle  28 i s  being t e s t e d .  

I f  so,  then  t h e  8 ang le  i s  c a l c u l a t e d  us ing  t h e  r e l a t i o n -  

sh ip ,  Q=8 +"28"/2 and s to red  i n  t he  angle  a r r a y .  Then t h e  z  

ze ro  r e fe rence  i s  added t o  t h e  c a l c u l a t e d  angle .  

Now t h e  ang le s  a r e  checked a g a i n s t  t h e i r  i n t e r n a l  

l i m i t s .  The angle  i s  checked a g a i n s t  i t s  low l i m i t .  I f  

i t  i s  l e s s  than  t h e  low l i m i t ,  then  360 degrees  i s  added 

t o  t he  angle  va lue .  This  i s  done t o  a l low ang le s  t o  pas s  

through 0  degrees .  I f  t h e  ang le  va lue  now l i e s  between 

the  upper and lower l i m i t s ,  i t  i s  accepted and stnred 

modulo 36000 i n  t h e  angle  a r r a y .  I f  t he  angle  i s  no t  

acceptab le ,  t hen  -1 i s  s t o r e d  a s  t he  va lue  of 28 t o  A 2  

mark the  scan  po in t  i n v a l i d .  



C a l l  l i s t  parameters :  

HEADR 
TOM 

INKEY 
DATAS 

SAVE 

DATA 
N1 , 

N2 

- heading of scan  output  on t e l e t y p e .  
- b i t  s e t  f o r  count  a g a i n s t  monitor,  r e s e t  

f o r  count againsf  time on r e t u r n . .  
- v e c t o r  con ta in ing  q and v components and 

increments  along wi th  t h e  f i x e d  energy on r e t u r n .  
- key va lue  f o r  c u r r e n t  scan  f i l e .  
- a r r a y  of p a r t i a l  counts  on r e t u r n  when 

r e s t a r t i n g  a run .  
- t h e  key f o r  t h e  first r eco rd  on last  d a t a  

f i l e  on c a l l  and t h e  key f o r  t he  f i r s t  
r eco rd  on d a t a  f i l e  on r e t u r n .  

- p r e s c a l e  m u l t i p l i e r  va lue .  
- number of counts  a t  one ang le  s e t t i n g  on r e t u r n .  - number of s t e p s  i n  the scan  on r e t u r n .  

This t a s k  p r i n t s  t h e  heading informat ion  f o r  t h e  scan  on the 

t e l e t y p e .  It s e t s  up t h e  proper  va lues  f o r  t h e  q components i n  

3-space a s  w e l l  a s  i n i t i a l i z i n g  the  d a t a  f i l e  011 Lhe couilt d a t a  

4 

s e t .  Various headings a r e  p r i n t e d .  q i n  3-space i s  c a l c u l a t e d  

from t h e  2-space r e p r e s e n t a t i o n  us ing  the  i n d i c e s  i n  INDCE o r  TAG. 

I f  t h e  experiment  has  been r e s t a r t e d ,  t hen  t h e  p a r t i a l  count 

a r r a y  i s  read  i n t o  DATAS t o  r e t r i e v e  the  d a t a  counted t o  t h i s  po in t .  

I f  t h e  scan  i s  i n i t i a l l y  being s t a r t e d ,  t hen  t h e  d a t a  f i l e  on the 

count  d a t a  s e t  i s  i n i t i a l l e d .  Value SAVE i s  s e t  t o  t h e  key of the 

f i r s t  d a t a  r e c o r d ,  

QOUTl o r  QOUT: 

C a l l  l i s t  parameters:  

COUNTS - a r r a y  con ta in ing  thc  d a t a  counts .  
KEY 1 - f i l e  key fo r  w r i t i n g  t o  d i s k .  
Q - a r r a y  of q components and energy.  
ANGLES - a r r a y  con ta in ing  output  angles .  
E l  - event  v a r i a b l e  f o r  s i g n a l s  from Q(E)SCAN. 



E2 
PRI 

- event  v a r i a b l e  f o r  s i g n a l l i n g  Q(E)SCAN. 
.N - EN - b i t  v a r i a b l e  con ta in ing  d e t e c t o r  and f ixed  

energy b i t s .  
TOM - t ime o r  monitor b i t .  
NH - number of counts  completed a t  one s e t t i n g .  
NC - number of t o t a l  counts  a t  one s e t t i n g .  
NS L - number of s t e p s  completed i n  the  scan.  
N S - number of t o t a l  s t e p s  i n  t h e  scan.  
DATAS - a r r a y  con ta in ing  t h e  p a r t i a l  count d a t a .  
SUM1 - sum of t h e  d a t a  from d e t e c t o r  1. 
SUM2 - sum of t he  d a t a  from d e t e c t o r  2.  
BR - branch parameter:  s e t  f o r  f i n a l  p r i n t  of 

heading informat ion  a t  scan  s t a r t  o r  r e s t a r t  
and r e s e t  f o r  p r i n t  of count  d a t a  only .  

QOUTl c o n t r o l s  t he  t e l e t y p e  output  and s t a t i s t i c a l  check 

f o r  m u l t i p l e  counts  a t  a  g iven  p o i n t  f o r  T r i p l e  Axis d i f f r a c t o m e t e r .  

QOUT c o n t r o l s  t he  t e l e t y p e  output  f o r  a l l  count loops a s  we l l  a s  t h e  

s t a t i s t i c a l  check f o r  m u l t i p l e  count loops f o r  t he  Mi t sub i sh i  

d i f f r a c t o m e t e r s .  

The i n i t i a l  angles  and f i n a l  headings a r e  c a l c u l a t e d .  The t a s k  

then  w a i t s  f o r  t h e  s t a r t  of t h e  scan loop i n  Q(E)SCAN. NCF i s  the 

save l o c a t i o n  f o r  NC'since t h i s  va lue  w i l l  change i f  a  count i s  

-0 

r epea t ed .  The q, energy, and the  vary ing  angles  a r e  p r i n t e d  a s  a  

heading f o r  each s e t  of p o i n t  counts  a t  a  g iven  s t e p .  

The count loop begins h e r e .  The da t a ,  background, non- 

p r e s e t  t ime i n t e r v a l ,  and p o i n t  number a r e  p r i n t e d  on the  t e l e t y p e .  

This  i s  t he  end of the  count loop. 

Af t c r  completion of the count loop, the  d a t a  a r e  checlccd 

s t a t i s t i c a l l y .  This  i s  done i n  case  a spur ious  d a t a  va lue  i s  

counted for . some reason .  The p a r t i a l  counts  a r e  summed and the  

s tandard  d e v i a t i o n  of t he  sum i s  c a l c u l a t e d .  I f  t h e  sum i s  g r e a t e r  



t han  99, t hen  t h e  t e s t  va lue  i s  5 s tandard  d e v i a t i o n s ;  o therwise  i t  

i s  3 s tandard  d e v i a t i o n s .  Each d a t a  p o i n t  i s  then  checked aga ins t  

t h e  average count .  The l a r g e s t  d i f f e r e n c e  between the  average count 

and t h e  p a r t i a l  d a t a  i s  marked by s e t t i n g  NH t o  i t s  a r r a y  p o i n t e r .  

I f  t h i s  d i f f e r e n c e  i s  g r e a t e r  than  t h e  t e s t  va lue ,  then  a  cor rec ted  

sum i s  c a l c u l a t e d ;  o therwise  NH i s  s e t  t o  zero.  The key va lue  on 

t h e  d a t a  f i l e ,  t h e  sum, and t h e  co r r ec t ed  sum a r e  p r i n t e d  on t h e  

f i n i s h e d .  I f  a  p o i n t  i s  t u  be recounted, c o n t r o l  i s  r e tu rned  t o  

t h e  p a r t i a l  count  loop;  o therwise  c o n t r o l  i s  r e tu rned  t o  t he  scan 

loop.  The sums and c o r r e c t e d  sums a r e  then  p r i n t e d  on t h e  t e l e t y p e .  

Q(E)SCAN i s  then  s i g n a l l e d  t h a t  i t s  p rocess ing  can cont inue .  This 

i s  t h e  end of t h e  scan  loop. 

C a l l  l i s t  parameters:  

COUNTS - 
OUTKEY - 
Q - 
ANGLES - 
E 1 - 
E2 - 
P R I N  EN - - 

'YOM - 
NSL - 
NS - 
NH - 
SUM1 - 
SUM2 - 
BR - 

a r r a y  con ta in ing  t h e  d a t a  counts .  
f i l e  key fpr  w r i t i n g  t o  d i s k .  
a r r a y  of q components and energy.  
a r r a y  con ta in ing  output  ang lc s .  
event  v a r i a b l e  f o r  s i g n a l s  from Q(E)SCAN. 
event  v a r i a b l e  f o r  s i g n a l l i n g  Q(E)SCAN. 
b i t  v a r i a b l e  con ta in ing  d e t e c t o r  and f i x e d  

energy b i t s .  
t ime o r  monftor b i t .  
number of s t e p s  completed i n  t h e  scan.  
number of t o t a l  s t e p s  i n  t h e  scan .  
number of counts  complctcd a t  one s e t t i n g .  
sum of  t he  d a t a  from d e t e c t o r  1. 
sum of the  data from d e t e c t o r  2. 
branch parameter:  s e t  f o r  f i n a l  p r i n t  of heading 

informat ion  a t  scan  s t a r t  o r  r e s t a r t  and r e s e t  
f o r  p r i n t  of count d a t a  only.  



This  t a s k  ou tpu t s . coun t  d a t a  t o  t h e  t e l e t y p e  when t h e r e  i s  

on ly  one count pe r  angle  s e t t i n g .  The t a s k  p r i n t s  t h e  key value,  

4 

q components, v, and s e l e c t e d  ang le s  on one l i n e .  

RESET: 

C a l l  l i s t  parameters:  

SCANIN - d a t a  s e t  upon which t o  w r i t e  t h e  scan  f i l e s .  
SCAN - type  of experiment being performed. 
LOCK - word con ta in ing  b i t s  s e t  f o r  no arm motion. 

This  t a s k  i s  c a l l e d  by UPDATE t o  update  t h e  c u r r e n t  scan  f i l e s .  

Four types  of o p e r a t i o n s  a r e  p o s s i b l e :  r e p e a t  of  a completed scan;  

a d d i t i o n  of scans t o  t h e  end of  t h e  p re sen t  f i l e s ;  replacement  of 

any scans  c u r r e n t l y  on t h e  f i l e  except  f o r  those  a l r e a d y  complete;  
. . 

and d e l e t i o n  of any scans  y e t  t o  be run .  

I f  a scan  i s  repea ted ,  t h e  number of s t e p s  completed i s  set 

t o  0 and t h e  d a t a  f i l c  key i s  r e s e t  t o  the  s t a r t  of  t h e  f i l e .  The 

task i s  then  e x i t e d .  

I n  o r d e r  t o  add t o  t h e  end of  t h e  scan  d a t a  s e t ,  t h e  l a s t  

scan  f i l e  on t h e  d a t a  s e t  i s  l o c a t e d .  The end of  f i l e  b i t  i s  reset, 

and t h e  proper  i n p u t  t a s k  i s  c a l l e d  w i th  BIT s e t  0. 

I n  o r d e r  t o  d e l e t e  a scan  f i l e ,  t h e  f i l e  i s  read  i n t o  co re .  The , 

number of  s t e p s  completed i s  s e t  t o  t he  number of  s t e p s  i n  t h e  scan , 

i f  gene ra l  scan  o r  q ( e )  scan .  The proper  b i t  i n  EOF i s  s e t  i f  the 

scan  i s  a double rock .  The key .o f  t h e  d a t a  f i l e  i s  s e t  t o  t he  s t a r t i n g  

key of  t h e  next  d a t a  f i l e  i n  c a s e  t h e  scan  was i n  p rog re s s  when t h e  

d e l e t i o n  occur red .  The d a t a  f i l e  numbers must be reduced by one o n '  



each succeeding scan  f i l e  on t h e  d a t a  s e t  a f t e r  d e l e t i o n  u n l e s s  t h e  

d e l e t e d  scan  was t h e  l a s t  scan on t h e  f i l e  o r  t h e  scan  was i n  progress  

when de 1.e t e d  . 
To r e p l a c e  a  scan, the  proper  scan  f i l e  i s  read i n t o  co re .  I f  

i t  i s  the  l a s t  f i l e  on the  d a t a  s e t ,  then  t h e  d a t a  f i l e  number i s  

reduced by one,  t h e  seven low o r d e r  b i t s  a r e  e x t r a c t e d  from EOF, and 

BTT i s  s e t  t o  ze ro  t o  add a  s e r i e s  of scans .  Uthetwise B I T  i s  sec eo 

1 t o  r e p l a c e  on ly  t h e  scan  i n  ques t ion .  The propcr  i npu t  t a ~ l c  i~ 

then  c a l l e d .  

Upon complet ion of  a l l  d e s i r e d  inpu t ,  c o n t r o l  i s  r e tu rned  t o  

update  f o r  s t a r t i n g  t h e  proper  d r i v i n g  t a s k .  

RESTART : 

This  t a s k  r e a d s  t h e  d a t a  f i l e  t o  determine which d r i v i n g  t a sk  

was being used upon experiment te rmina t ion .  Control  i s  then  

t r a n s f e r r e d  t o  t h i s  t a s k  and the  experiment cont inues  from t h e  poin t  

a t  which i t  was i n t e r r u p t e d .  

ROCKOUT : 

C a l l  l i s t  parameters:  

DATA 
DTOUT 
TM 
N 
E 2 
E 1 
M 
A 1  
A2 

- a r r a y  con ta in ing  the  d a t a  counts .  
- t h e  d a t a  point t o  h e  p r i n t e d  on the  t e l e t y p e .  - t h e  nonpreset  count ing i n t e r v a l .  
- key of t h e  ou tpu t  d a t a  f i l e .  
- event  v a r i a b l e  f o r  s i g n a l l i n g  DBLRCK. - event  v a r i a b l e  f o r  s i g n a l s  from DBLRCK. 
- number of s t e p s  l e f t  i n  t he  scan .  
- va lue  of t h e  primary scan  angle .  
- value  of t he  secoildary scan angle  when scans 

a r e  coupled. 



A N G l  - p o i n t e r  t o  t he  f i r s t  scan ang le .  
ANG2 - p o i n t e r  t o  t he  second scan angle .  
TOM - b i t  s e t  f o r  count ing a g a i n s t  time and 

r e s e t  f o r  counting a g a i n s t  monitor .  

This  t a s k  p r i n t s  t h e  i n i t i a l  angles  of t h e  scan upon e n t r y .  

The key of t h e  d a t a  f i l e ,  t h e  vary ing  angles ,  and t h e  d a t a  count 

a r e  p r i n t e d  on the  t e l e t y p e .  When t h e  scan  i s  f i n i shed ,  t h e  t a sk  

i s  e x i t e d .  

S TART : 

This  t a s k  i s  t h e  i n i t i a l  d r i v i n g  t a s k  f o r  t h e  d i f f r a c t o m e t e r s .  

It i n i t i a l i z e s  t h e  d a t a  f i l e  f o r  t he  type of experiment c u r r e n t l y  

being executed a s  w e l l  a s  t h e  d i r e c t o r y  i d e n t i f i c a t i o n  cha rac t e r s .  

The t a s k  c a l l s  t a s k  INPUT f o r  g e t t i n g  proper  experimental  input  

d a t a .  INPUT r e t u r n s  TITLE which i s  w r i t t e n  i n  r eco rds  1/11 of the  

d a t a  f i l e .  This a l lows t h e  c u r r e n t  TITLE t o  be preserved  f o r  f u t u r e  

runs .  The experiment word, t he  angle  f i x i n g  word, and TITLE a r e  

t hen  saved i n  record  0 of t h e  scan f i l e  f o r  T r i p l e  Axis. TITLE i s  

w r i t t e n  i n  f i l e s  0 and 1 of t he  scan  d a t a  s e t  f o r  t h e  Mi t sub i sh i s .  

The r e s t  of t h i s  s e c t i o n  w i l l  d e s c r i b e  t h e  i n d i v i d u a l  t a s k s  i n  the  

t a s k  t r e e .  The c a l l  l i s t  parameters  w i l l  be g iven  a long  wi th  a  

b r i e f  d e s c r i p t i o n  of t h e  d e t a i l s  of t h e  t a s k .  The proper  d r i v i n g  

t36k i c  t hen  c a l l c d .  

STEPSCAN: . 

C a l l  l i s t  parameters:  

TITLE - heading t o  be p r i n t e d  a t  s t a r t  o f  each scan  
on t e l e t y p e .  

SCANIN - file conta in ing  scans t o  be run .  



This  t a s k  f i n d s  t h e  f i r s t  scan  t h a t  i s  not  f i n i s h e d .  I t  s e t s  

up t h e  experiment d a t a  s e t .  The a r r a y  of ang le s  t o  be moved i s  

scanned. I f  t h e  ang le  i s  0, then  the  c u r r e n t  va lue  of t h a t  angle  

i s  used i n  t h e  scan .  I f  the  angle  i s  360, then  i t  i s  s e t  t o  0 f o r  

t h e  scan.  

. I f  t he  t a s k  i s  a r e s t a r t  (NSL * 0 ) ,  then  t h e  c u r r e n t  va lue  of  

t h e  ang le s  a r e  c a l c u l a t e d  from the  i n i t i a l  va lues  s t o r e d  i n  t h e  

scan  f i l e ;  o the rwi se  t h e  d a t a  f i l e  i s  i n i t i a l i z e d .  When t a s k  

GENHEAU has  completed, then GENOUTPUT i s  c a l l e d  asynchronously t o  

p r i n t  t he  d a t a  t o  t h e  t e l e t y p e .  The loop f o r  r e c e i v i n g  d a t a  po in t s  

i s  then  en te red .  A f t e r  each count,  t he  ang le s  t o  be p r i n t e d  a r e  

incremented, and t h e  number of s t e p s  completed i s  incremented on 

t h e  scan  f i l e  f o r  r e s t a r t  purposcs.  When the  scan  i s  completed, 

c o n t r o l  i s  t r a n s f e r r e d  t o  read t h e  next scan, u n l e s s  t h i s  was t h e  

l a s t  scan t o  be performed. I n  t h e  Mi t sub i sh i  codes, a  scan  of 

g r e a t e r  t han  99 p o i n t s  must be broken i n t o  s e v e r a l  sma l l e r  scans  

i f  the scan  i s  au tomat ic  s i n c e  a 99 p o i n t  scan i s  t he  longes t  

au tomat ic  s can  which can  be executed.  

TESTO(E) : 

This t a s k  computes angles  f o r  a  t r i a l  q ( e )  scan and p r i n t s  them 

on t h e  t e l e t y p e .  The semi-permanent d a t a  a r e  copied i n t o  the  lower 

f i l e s  t o  a l l ow f o r  update  when t e s t i n g  wi thout  des t roy ing  t h e  cu r r en t  

copy. I f  t h e  semi-permanent d a t a  a r e  t o  be changed f o r  t h e  t e s t ,  t h e  

INPUTSP i s  c a l l e d  wi th  I s e t  t o  zero  so t h a t  on ly  t h e  copied semi- 



permanent d a t a  w i l l  be updated. Routine GETSCAN i s  then c a l l e d  t o  

g e t  the  scans t o  be t e s t e d .  The ang le s  a r e  computed i n  groups 

and a r e  p r i n t e d .  

UPDATE : 

This  t a s k  c a l l s  RESET t o  a l low the  scan  f i l e  t o  be updated.  

Cont ro l  i s  t hen  t r a n s f e r r e d  t o  t he  d r i v i n g  t a s k  which was execut ing  

when t h e  experiment was i n t e r r u p t e d .  

WHATSCAN: 

C a l l  l i s t  parameters:  

D910 . -  s t r u c t u r e  con ta in ing  t h e  910 experiment f i l e .  
ANGl  - i n i t i a l  va lue  of scan  angle  one. 
ANG2 - i n i t i a l  va lue  of s c a n , a n g l e  two. 
INKEY - key of the  f i l e  e n t r y  on the  scan  d a t a  s e t .  
SCANIN - d a t a  s e t  conta in ing  t h e  scan t o  be run .  
NO1 - p o i n t e r  t o  t he  f i r s t  angle  of t h e  scan.  
NO2 - p o i n t e r  t o  t h e  second angle  of t h e  scan.  
SAVE - temporary s to rage  f o r  t he  s t a r t i n g  key. 

This  t a s k  s e t s  up t h e  proper  scan  f o r  a  double rock, i n i t i a l i z e s  

t h e . d a t a  f i l e ,  and performs a  quick scan a t  every o t h e r  scan  po in t  i f  

PRESET i s  zero .  The proper  scan  i s  read i n t o  co re .  I f  OUTKEY is 0, 

then  the  scan has  not  been s t a r t e d .  The d a t a  f i l e  p o i n t e r s  a r e  

w r i t t e n  on t h e  d a t a  f i l e .  

The angle  va lues  a r e  next  compared wi th  t h e i r  p re sen t  p o s i t i o n s .  

The ang le  p o i n t e r s  a r e  r e t r i e v e d  from START. The proper  scan  va lues  

a r e  s e t  up depending whether t h i s  i s  scan  1 o r  scan  2 of t h e  experiment.  

I f  PRESET i s  nonzero, then c o n t r o l  i s  r e tu rned  t o  the  c a l l i n g  task .  

I f  PRESET i s  zero,  then  the  increment and number of s t e p s  a r e  

d iv ided  by 2 .  A.scan i s  s e n t  t o  t h e  910 and the  t a s k  e n t e r s  i t s  wa i t  



loop. The f i r s t  and l a s t  scan  p o i n t s  a r e  s t o r e d .  The maximum da ta  

count  i s  a l s o  s t o r e d .  The va lue  of t h e  PRESET i s  then  s e t  so  t h a t  

t h e  maximum counts  w i l l  be 2000. The d i f f e r e n c e  between the  f i r s t  

and l a s t  s can  p o i n t s  i s  c a l c u l a t e d .  I f  t h i s  d i f f e r e n c e  i s  g r e a t e r  than 

100, then  t h e  s t e p s i z e  of t he  scan  i s  m u l t i p l i e d  by MULT. Control i s  

t r a n s f e r r e d  t o  s e t  up experiment f i l e .  

B.  The P l o t t e r  Codes 

This  s e c t i o n  d e s c r i b e s  t h e  codes t o  gene ra t e  a  p l o t  on the  

x-y p l o t t e r .  The c o n t r o l l i n g  t a s k  i s  c a l l e d  GRAPH. It con ta ins  

o p t i o n s  f o r  c a l i b r a t i n g  the  p l o t t e r  and checking t h i s  c a l i b r a t i o n ,  

p l o t t i n g  a  s e t  of d a t a  s to red  on d i sk ,  and c a l c u l a t i n g  a r e a s  e i t h e r  

a u t o m a t i c a l l y  o r  w i th  t h e  s p e c t r a l  f e a t u r e s  inp i i t  by t h e  u s e r .  The 

codes which perform t h e  p l o t t i n g  w i l l  be d iscussed  he re  while  the 

a r e a  c a l c u l a t i n g  codes w i l l  be d iscussed  i n  the  next  subsec t ion .  

FIND: - 
C a l l  l i s t  parameters:  

SCNUMBR - t h e  number of t h e  d a t a  f i l e  on the  count  
d a t a  s e t .  

START - t h e  s t a r t i n g  key of t h e  d e s i r e d  d a t a  f i l e .  
NS - t h e  number of d a t a  p o i n t s  i n  t h e  scan ,  
INCR - t h e  increment f o r  l o c a t i n g  the  d a t a  counts .  

This  increment i s  always 1 u n l e s s  2  d e t e c t o r s  a r e  
used wi th  ehe ~ r i p i e  Axis d i f f r a c t o m e t r r .  

ANGLE - t h e  i n i t i a l  scan  parameters  on r e t u r n .  
STEP - t h e  ang le  o r  q s t e p s i z e  of t h e  scan on r e t u r n .  

F i l e  0 of the  count  d a t a  s e t  i s  read  t o  determine i n  which 

d i r e c t o r y  t h e  d a t a  s e t  r e s i d e s .  The proper  o f f s e t s  a r e  then  s e t  

up f o r  t h e  d a t a  f i l e  t o  be read .  The count d a t a  s e t  i s  then  



searched f o r  t h e  proper  d a t a  f i l e  t o  be processed and t h e  scan 

parameters  a r e  read  from t h e  f i l e .  The s t a r t  and s t o p  keys a r e  

computed from t h e  d a t a  s e t  keys.  I f  t h e  d a t a  s e t  i s  i n  d i r e c t o r y  

TRIAX, t hen  i f  2  d e t e c t o r s  were used, a  r e q u e s t  i s  made f o r  which 

d e t e c t o r s  d a t a  a r e  d e s i r e d .  The proper  v a l u e s  a r e  t hen  s e t  up as  

above. 

GRAPH : 

This  t a s k  i s  t h e  d r i v i n g  t a s k  f o r  t h e  p l o t t e r .  The o p t i o n  

d e s i r e d  i s  t e s t e d .  I f  t h e  op t ion  invo lves  t h e  p l o t t e r ,  t h e  proper 

key and t e s t  va lue  a r e  s e t  up f o r  a  w r i t e  t o  p l o t t e r .  A t e s t  va lue  

of -1 enab le s  t h e  p l o t t e r  i n t e r r u p t ,  whereas a  t e s t  va lue  o f  0  

d i s a b l e s  t h e  p l o t t e r  i n t e r r u p t .  TEST i s  0  f o r  a  p l o t  s o  t h a t  any 

c a l i b r a t i o n  o r  checking o p e r a t i o n  w i l l  be h a l t e d .  The p l o t  experiment 

f i l e  i s  w r i t t e n  from t h e  a p p r o p r i a t e  key v a l u e .  I f  t h e  o p t i o n  was 

c a l i b r a t i o n  o r  check, then  c o n t r o l  i s  immediately r e tu rned  t o  ge t  

ano the r  op t ion .  The p l o t  o p t i o n  r e q u e s t s  t h e  d a t a  f i l e  t o  be p l o t t e d .  

FIND i s  c a l l e d  t o  1,ocate t h e  s t a r t i n g . a n d  s topping  key v a l u e s  f o r  

t h e  d a t a  and t h e  scan  parameters .  The s c a l e  f a c t o r  and range a r e  

cal.c~iLated such t h a t  t h e  maximum y-value p l o t t e d  i s  1023. The da ta  

p o i n t s  a r e  read  from t h e  d a t a  f i l e  i n  groups of  12 t o  minimize core  

s t o r a g e .  They a r e  s ca l ed  and s e n t  t o  t h e  p l o t t e r  t o  be p l o t t e d .  

Af t e r  each group of 12  p o i n t s  i s  p l o t t e d ,  t h e  t o t a l  number of p o i n t s  

s e n t  i s  compared t o  t h e  number of p o i n t s  on t h e  f i l e .  The 12 po in t  

p l o t  loop i s  repea ted  u n t i l  t h e  e n t i r e  f i l e  i s  p l o t t e d .  Af t e r  each 



12 p o i n t  send, t h e  t a s k  w a i t s  f o r  an i n t e r r u p t  from the  p l o t t e r  

t h a t  t h e  p l o t  i s  completed be fo re  cont inuing .  

C .  The Area Ca lcu la t ion  Routines 

These t a s k s  a r e  used both by the  double rock t a s k s  and t h e  

p l o t t i n g  t a s k s  t o  c a l c u l a t e  t h e  a r e a  under a  g iven  spectrum along 

w i t h  i t s  weighted mean. The mathematics used i n  t h e s e  c a l c u l a t i o n s  

i s  desc r ibed  i n  S e c t i o n  1 I . B .  

AUTOARE A: 

Call list par8mPtPrs: 

M - b 1 i s  t h e  number of p o i n t s  i n  t h e  scan.  M > 0 
f o r  angle  scans  and M < 0 f o r  scans. 

NO - s t a r t i n g  key of t h e  d a t a  f i l e  t o  be processed.  
MEAN - t h e  weighted mean on r e t u r n .  
KT - parameter  i s  s e t  f o r  automatic  background search;  

n t h ~ r w j s ~  reset fnr i.icer bnpi.lrr of trackgr01.lnd f e a t u r e s  
DPHL - t h e  x-increment of t he  spectrum. 
PHI0 - t h e  i n i t i a l  x  va lue  of t h e  spectrum. 
INCR - key increment f o r  reading  the  d a t a  f i l e .  

The t a s k  r eads  t h e  d a t a  f i l e  i n t o  co re .  I f  KT i s  r e se t , ,  then 

t h e  s p e c t r a l  f e a t u r e s :  t h e  s t a r t  and end of  t he  backgrounds and t h e  

s t a r t  and end of t h e  peak a r e  en t e red  on t h e  t e l e t y p e .  I f  KT i s  s e t ,  

t hen  BCKGND i s  c a l l e d  t o  compute these  s p e c t r a l  f e a t u r e s .  The 

p o s i t i o n  of t h e  maximum count of t he  spectrum i s  computed and i ts  

p o s i t i o n  i s  marked. I f  t h e  background e x i s t s  on both s i d e s  of the 

spectrum, then  a  s t r a i g h t  l i n e  i s  f i t  t o  t h e  background and sub t r ac t ed  

from the  spec.trum us ing  CORRECT. F i n a l l y  t he  weighted mean of the 

spectrum and t h e  a r e a s  a r e  c a l c u l a t e d  i n  MEANCALC. 



BCKGND : 

c a l l  l i s t  parameters :  

ELB 
C L 
CR 
ERB 
NO 
I S  
PHI 0 
DPHI 
KEY 

' t h e  a r r a y  con ta in ing  t h e  d a t a  counts  of t h e  
spectrum. 

t h e  end of  t h e  l e f t  background. 
t h e  l e f t  end of t he  peak, 
t h e  r i g h t  end of  t h e  peak. 
t h e  end of  t h e  r i g h t  background. 
t h e  number of  p o i n t s  i n  t h e  spectrum. 
t h e  p o i n t e r  t o  t h e  l o c a t i o n  of t h e  maximum d a t a  count.  
t h e  i n i t i a l  x-value of t h e  a b s c i s s a .  
t h e  x-increment.  
t h e  s t a r t i n g  key of t h e  d a t a  on t h e  d a t a  f i l e .  

This  t a s k  computes t h e  background f e a r u r e s  of t h e  spectrum. 

A v a l u e  90% of t h e  maximum va lue  i s  c a l c u l a t e d .  The spectrum i s  

sea rch  on t h e  l e f t  and t h e  r i g h t  f o r  t h e  s a l i e n t  f e a t u r e s .  The 

p o s i t i o n  of  t h e  peak i s  p r i n t e d  on t h e  t e l e t y p e  be fo re  t h e  t a s k  

i s  e x i t e d .  

SEARCH: 

C a l l  l i s t  parameters :  

PT1 - s t a r t  of background. 
P T2 - end of  background p o i n t e r .  
P T3 - s t a r t  of peak p o i n t e r .  
K - key increment f o r  y a r r a y .  
PRINT - alphanumerics f o r  p r i n t e d  

background keys.  

This  i n t e r n a l  t a s k  i s  t h e  s ea rch  t a s k  f o r  t h e  

background. The average s t anda rd  deviation of t h e  

f i r s t  3 p o i n t s ,  ALPHAS, i s  c a l c u l a t e d .  Thc d i f f c r c n c c  

of t h e  f i r s t  3 p o i n t s  and t h e  second 3 p o i n t s  i s  

compared t o  ALPHAS. I f  t h i s  d i f f e r e n c e  i s  g r e a t e r ,  



t hen  a coun te r  i s  incremented; o therwise  

t h e  c o u n t e r  i s  r e s e t .  When t h e  counter  reaches  

3, t h e  background end i s  marked. When t h e  

coun t s  r each  t h e  90% va lue  of t h e  maximum count ,  

t h e  peak p o s i t i o n  s t a r t  i s  marked. I f  a 

background was determined, then  t h e  average count  

i s  p r i n t e d  a long  w i t h  i t s  key p o s i t i o n .  

Call l i s t  parameters :  

Y - a r r a y  of  d a t a  p o i n t s .  
SLB - s t a r t  o f  l e f t  background p o i n t e r .  
ELB - end of  l e f t  background p o i n t e r .  
ERB - s t a r t  of r i g h t  background p o i n t e r .  
SRB - s t a r t  of  right hackground p o i n t e r .  

This t a s k  f i t s  a s t r a i g h t  l i n e  t o  t h e  background p o i n t s  on each  

s i d e  o f  t h e  peak. The s lope  and i n t e r c e p t  a r e  then  used t o  c a l c u l a t e  

a l i n e  t o  be s u b t r a c t e d  from t h e  spectrum. This  removes t h e  back- 

ground from t h e  a r e a  and mean c a l c u l a t i o n s .  

MEANCALC : 

C a l l  l i s t  parameters :  

Y - 
ELB - 
CT., - 
CR - 
ERB - 
PHI0 - 
DPHI - 
MEAN ' - 

a r r a y  of  d a t a  p o i n t s .  
end of l e f t  background p o i n t e r .  
start o f  peak p o i n t e r .  
end of  peak p o i n t e r .  
end of  r i g h t  background p o i n t e r .  
i n i t i a l  x-value.  
x-increment.  
t h e  p o s i t i o n  of t h e  maximum d a t a  count  on e n t r y  

and t h e  weighted mean of  t h e  spectrum on r e t u r n .  
ad jus tment  from a r r a y  p o i n t e r  t o  key v a l u e .  



J 

This t a s k  c a l c u l a t e s  t h e  mean and t h e  a r e a  under a  given 

spectrum. The a r e a  i s  c a l c u l a t e d  by a  d i r e c t  summation of t he  

d a t a  p o i n t s  and a l s o  by Simpson's r u l e .  I f  t h e  peak p o s i t i o n s  

a r e  g r e a t e r  than 7 keys a p a r t ,  then  the  t a s k  searches  f o r  t he  

edges of t h e  p l a t e a u .  A l l  p o i n t s  w i t h i n  3 s tandard  d e v i a t i o n s  

of t he  average count of t he  o r i g i n a l  peak p o s i t i o n s  a r e  considered 

i n  t h e  p l a t e a u .  The mean i s  j u s t  t h e  c e n t e r  of t h e  p l a t e a u .  The 

weighted mean i s  converted t o  t he  scan parameters .  I f  t h e  mean i s  

t o o  f a r  from the  maximum p o i n t  of t h e  scan, t h e  maximum p o i n t  of 

t h e  scan  i s  taken a s  t h e  mean. The mean and a r e a s  a r e  p r i n t e d  on 

t h e  t e l e t y p e .  

D.  The Tape Punching Codes 

I n  t h i s  subsec t ion  the  tape punching codes w i l l  be descr ibed .  

Some of t he  t a s k s  used a r e  a l s o  used i n  t he  d r i v i n g  codes. They 

w i l l  not  be d iscussed  h e r e .  

DUMP: - 
Call  l i s t  parameters:  

KEY - t h e  number on scans  on t h e  tape .  

This t a s k  p r i n t s  t he  scans t h a t  a r e  w r i t t e n  onto the  paper  t ape  

f o r  a  manual run  of t h e  Mi t sub i sh i .  

CHARGEN : 

C a l l  l i s t  parameters:  

A - t h e  GA-arm ang le  s e t t i n g .  
B - t h e  VA-arm angle  s e t t i n g  (FINGER on ly ) .  



C - t h e  sample t a b l e  angle  s e t t i n g .  
D - t h e  ang le  increment for ,  GA-arm scan.  
E  - t he  a n g l e  increment f o r  VA-arm scan (FINGER only) .  
H - number of  s t e p s  f o r  GA-arm scan .  
I - number of  s t e p s  f o r  VA-arm scan  (FINGER on ly ) .  
KEY - key of t ape  f i l e  t o  w r i t e  t h e  c h a r a c t e r  s t r i n g .  

This t a s k  g e n e r a t e s  t he  c h a r a c t e r  s t r i n g s  t o  be punched on 

t h e  t ape  and w r i t e s  them ou t  t o  d i s k  t o  be punched l a t e r .  

TAPEQ: 
- .- . 

C a l l  l i s t  parameters :  

SCANIN - f i l e  con ta in ing  t h e  scans  t o  be punched onto  
pape r  t ape .  

HEADR - heading  f o r  t he  t e l e t y p e  ou tpu t .  

This  t a s k  c a l l s  Q(E)CALC t o  gene ra t e  s can  a n g l e s  f o r  a 

q ( e ) - s can .  The a n g l e s  a r e  checked f o r  backlash  and a  backlash  

s c a n  i s  gene ra t ed  i f  needed by CHARGEN. The scan  p o i n t  i s , t h e n  

genera ted  by CHARGEN. A s e p a r a t e  s can  must be genera ted  f o r  each 

p o i n t  of t h e  scan .  The va lues  of  t h e  ang le s  and t h e  <-components 

a r e  t hen  p r i n t e d  on t h e  t e l e t y p e .  Whenever t h e  d a t a  s e t  conta in ing  

t h e  scans  t o  be punched i s  f u l l ,  TAPEPNCH i s  c a l l e d  t o  punch these  

s cans  and DUMP i s  c a l l e d  i f  t h e  scans  a r e  t o  be p r i n t e d  on t h e  

t e l e t y p e .  

TAPESCAN: 

Ca l l  l i s t  parameters :  

SCANIN - f i l c  con ta in ing  the  scans  t o  be punched 
on to  paper t ape .  

HEADR - heading f o r  t h c  t e l e t y p e  ou tpu t .  



This  t a s k  genera tes  t h e  scans  t o  be executed f o r  a gene ra l  

s t e p  scan.  The scan  angles  a r e  p r i n t e d  on t h e  t e l e t y p e  a s  w e l l  a s  

t he  increments of t h e  scan.  A backlash scan i s  s e t  up before  the  

scan  i s  executed. I f  t h e  number of s t e p s  t o  be executed i s  g r e a t e r  

t han  99, then  t h e  scan i s  broken up i n t o  s h o r t e r  scans a s  99 s t e p s  

i s  t h e  maximum f o r  an  automatic  scan.  I f  t h e  scan  i s  a sample 

t a b l e  scan, then  one scan i s  r equ i r ed  f o r  each p o i n t  of t h e  scan 

a s  t h e  sample ' t a b l e  scans a r e  not  automatic .  Whenever t h e  d a t a  s e t  

con ta in ing  t h e  scans  i s  f u l l ,  then  they a r e  punched by TAPEPNCH and 

w r i t t e n  t o  t e l e t y p e  by DUMP i f  d e s i r e d .  

TAPESTART : 

This  t a sk  i s  t h e  d r i v i n g  t a s k  f o r  t he  tape  punching r o u t i n e s .  

INPUT i s  c a l l e d  t o  g e t  the  scans  t o  be punched from the  t e l e t y p e .  

The proper  t a s k  i s  then c a l l e d  t o  punch the  scans .  

TAP EP-WH : 

C a l l  l i s t  parameters:  

BRANCH : ,branch f o r  experiment type- -se t  f o r  FINGER, 
r e s e t  f o r  THUMB. 

PTAPE - f i l e  con ta in ing  t h e  scans  t o  be punched on the  
paper  tape .  

TEST - i f  set,  t hen  an  end of tape c h a r a c t e r  i s  
punched a f t e r  t h e  l a s t  scan.  

KEY - key of t h e  l a s t  record  on t h e  d a t a  s e t  t o  be 
punched. 

This t a s k  c a l l s  SETITP wit,h t h e  proper  parameters: f o r  t he  

FINGER o r  t h e  THUMB. 



SETUP : 

C a l l  l i s t  parameters:  

STRING - i n p u t  s t r i n g  f o r  reading  the  
scans  from t h e  t ape  d a t a  s e t .  

I - number of words i n  t he  s t r i n g .  

This  t a s k  r eads  t h e  t ape  d a t a  s e t  and conve r t s  

' t h e  s can  t o  ASK11 code f o r  punching, on t h e  pager  

t ape .  The c h a r a c t e r s  a r e  s t o r e d  i n  t he  a r r a y  BUFFER 

which i s  punched on the  paper  t ape  one c h a r a c t e r  a t  

a t ime.  Af te r  t h e  f i r s t  c h a r a c t e r  i s  punched, an 

i n t e r r u p t  i s  r ece ived .  I f  more scans a r e  on t h e  d a t a  

s e t ,  t hen  t h e  next  scan i s  converted;  o therwise  t h e  

t a s k  t e s t s  whether t h i s  i s  the  l a s t  scan  on t h e  t a p e ,  

I f  so,  then  t h e  end of t ape  c h a r a c t e r  i s  punched on to  

the  paper  t ape .  

I V .  PROGRAMMING ALGORITHMS FOR THE 910 

I n  t h i s  s e c t i o n  t h e  a lgor i thms f o r  t h e  910 d i f f r a c t o m e t e r  

r o u t i n e s  a r e  desc r fbed .  There i s  a s e p a r a t e  r o u t i n e  f o r  d r i v i n g  

each experiment:  the  P l o t t e r ,  T r i p l e  Axis, Finger ,  and Thumb. 

The a lgo r i thm f o r  each d r i v i n g  r o u t i n e  w i l l  be descr ibed  i n  PL/I  

l i k e  s t r u c t u r e s  u s ing  Engl i sh  ph rases .  The c o n s t a n t s  and i n t e r n a l  

e n t r y  p o i n t s  w i l l  be de f ined .  A l l  va lues  and l a b e l s  occu r r ing  i n  

t h e  910 code e x p l i c i t l y  a r e  i n  c a p i t a l  l e t t e r s  i n  t h e  a lgor i thms;  

o therwise ,  they  a r e  i n  small  l e t t e r s .  Oc ta l  numbers a r e  represented  



by t h e  s u f f i x  (8) appended t o  any number, and decimal numbers 

a r e  r ep re sen t ed  by t h e  s u f f i x  (10) .  

A .  P l o t t e r  

The P l o t t e r  .sends a  p o i n t  t o  be p l o t t e d  through add re s s  167(8) 

of i t s  i n t e r f a c e  wi th  t h e  910. When t h i s  p o i n t  i s  p l o t t e d ,  an  

i n t e r r u p t  i s  s e n t  t o  t h e  910 through t h i s  i n t e r f a c e .  This  i n t e r r u p t  

i s  t rapped wi th  subsequent a c t i o n  being determined by t h e  sof tware  

i n t e r r u p t  handler .  

The (x,y)  coo rd ina t e s  of  t h e  p o i n t  t o  be s e n t  a r e  packed i n t o  

one 24 b i t  word. The l e f tmos t  12 b i t s  c o n t a i n  t h e  y-value, and t h e  

r igh tmos t  12 b i t s  c o n t a i n  t h e  x-value, both i n  i n t e g e r  form. The 

maximum va lue  t h a t  can be p l o t t e d  i s  1023(10) and i s  s u b t r a c t e d  

from 1023(10) o r  1777(8) be fo re  i t  i s  s e n t  t o  t h e  P l o t t e r .  Thus, 

t h e  o r i g i n  would be 17771777(8). A p o i n t  a t  (5,lO) would be 

r ep re sen t ed  a s  17721765(8) when s e n t  t o  t h e  p l o t t e r .  

The c a f i b r a t i o n  mode o u t p u t s  12 p o i n t s  a t  t h e  o r i g i n .  This  

is followed 'by 12 p o i n t s  a t  (x(max),y(max)). The slow c lock  i s  

scheduled between each send f o r  t iming purposes .  

The check mode ou tpu t s  a  p o i n t  a t  t h e  o r i g i n ,  (x(max),y(max)), 

and t h e  o r i g i n  aga in .  The slow c lock  i s  scheduled between each' 

send a l s o .  

The p l o t  mode p l o t s  t h e  p o i n t s  i n  groups of twelve a t  a  time. 

The next  p o i n t  i s  s e n t  a s  soon a s  t h e  i n t e r r u p t  h i t s  from t h e  

p rev ious  p o i n t .  



The i n t e r r u p t  hand le r  t e s t s  l o c a t i o n  INT before  p roces s ing  t h e  

i n t e r r u p t .  I f  INT=O, t hen  t h e  i n t e r r u p t  i s  ignored.  This  e f f e c t i v e l y  

s t o p s  any o p e r a t i o n  i n  p rog re s s .  The va lue  of  INT i s  -1 when the  

i n t e r r u p t  i s  t o  be processed .  

The fo l l owing  e n t r y  p o i n t s  and b u f f e r  a r e a s  e x i s t  f o r  t h e  910 

p l o t  code. 

PLTINT: En t ry  p o i n t  f o r  p l o t t e r  i n t e r r u p t  hand le r .  

OlrlOFP : Rntry p a i n t  f o r  C O ~ C  c~tccut ion upon an opon 

o r  c l o s e  of  t h e  experiment  f i l e  PLOT. 

CLBRTE: En t ry  p o i n t  f o r  t h e  c a l i b r a t i o n  of  t h e  x-y P l o t t e r  

upon WRITE (PLOT) KEYFROM(1). A -1 i s  s t o r e d  i n  l o c a t i o n  INT when 

t h e  w r i t e  i s  executed t o  enable  t h e  i n t e r r u p t  hand le r .  

INIT: Entry p n i n t  tn i . n i t i a l . i z e  t h e  p l o t  upon WRITE 

(PLOT) KEYFROM(~). SCALE i s  t h e  range of t h e  a b s c i s s a  and NS i s  

t h e  number o f  p o i n t s  i n  t he  spectrum. These number a r e  passed from 

t h e  15  when t h e  w r i t e  i s  executed.  

PLOTXY: Ent ry  p o i n t  t o  p l o t  twelve p o i n t s  a t  a  t ime upon 

WKI'I'E (PLOT) KEYFROM(3). The p o i n t s  a r e  s t o r e d  i n  a r r a y  Y when the 

w r i t e  i s  executed  i n  t h e  15. 

PURGE : Ent ry  p o i n t  t o  s t o p  c a l i b r a t i o n  o r  check of 

P l o t t e r  upon WRITE (PLOT) KEYFROM(4). INT i s  s e t  t o  0 when t h e  

w r i t e  i s  executed .  



CHECK: Entry point to check calibration upon WRITE 

(PLOT) KEYFROM(5). INT is set to -1 when the write is executed 

to enable the interrupt handler. 

The algorithm for the Plotter is given below: 

CHECK: 
branch to proper entry (initially NOP) 
mark task check--set TEST -1 
set up task reentry point--location ADDR 
initialize check counter--set COUNT 2 

CHK : 
store branch CHK2 in location BRNCH2 
store origin for output to Plotter 

41: 
output point to Plotter 
decrement check counter COUNT 
store return branch CALO in location BRNCHl 
then return to system 
else do 
dissable interrupt handler--set INT 0 
reset BRNCH2 to NOP 
return to system 

end 
CHK2 : 
store branch to CHKl in location BRNCH2 
store maximum for output to Plotter 
branch to dl 

CLRRTE : 
branch to proper entry (initially NOP) 
mark task calibration--set TEST -1. 
set calibration counter--set T W + 1  -1 
set up task re-entry point--location ADDR 
store return branch CALO in location BRNCHl 
store origin for output to Platter 

43 : 
initialize point counter--set COUNT 11 

CALO: re-entry point 
decrement point counter 
send pnint tn P 1 n t . t . e ~  
if more points to be sent--COUNT>=O 
then return to system 
else 
if calibration is finished--TW+l=O 



t h e n  do 
s t o r e  NOP i n  l o c a t i o n  BRNCHl 
d i s a b l e  i n t e r r u p t s - - s e t  INT 0 
r e t u r n  t n  system 

end 
e l s e  do 

mark maximum p o i n t  f o r  send t o  P l o t t e r  
s e t  TEMP+l 0  
branch t o  4.3 

c nd 

INXT: 
conve r t  range  t o  f l o a t i n g  p o i n t  s t o r a g e  
conve r t  maximum p l o t t i n g  v o l t a g e  t o  f l o a t i n g  p o i n t  
d i v i d e  v o l t a g e  by range t o  g e t  t h e  s c a l e  f a c t o r  
i n i t i a l i z e  t h e  p a r t i a l  p o i n t  coun te r - - s e t  COUNT -12 
set  up t a s k  r e - e n t r y  point--ADDR 
111al-k t a s k  p l o t - - s e t  TEST 0  
enab le  i n t e r r u p t  hand le r - - s e t  INT -1 
send i n t e r r u p t  t o  15--no oncode necessary  
r e t u r n  t o  system 

P LOTXY : 
decremertt  urnbe bet ol: p o i n t s  i n  p l o t  
i f  a l l  p o i n t s  a r t  plot ted--N3 >=0 

t h e n  do 
42 : 

r e s e t  p a r t i a l  p o i n t  counter--set COUNT -12 
send i n t e r r u p t  t o  15 f o r  more p o i n t s  
r e t u r n  t o  system 

end 
e l s e  do 

i f  12 p o i n t s  have been sent--COUNT=O 
then  branch t o  4 2  
e l s e  do 

load index -va lue  w i t h  COUNT 
increment t h e  p a r t i a l  p o i n t  coun te r  
load  Y-value t h r u  index r e g i s t e r  
s u b t r a c t  Y-value from 1777(8) 
s h i f t  Y-value t o  l e f t -mos t  12 b i t s  
merge t h e  X-value t o  complete word 
s u b t r a c t  t h e  X-increment from a b s c i s s a  
conve r t  t o  f i x e d  p o i n t  f o r  next  send 
send t h e  p o i n t  t o  be p l o t t e d  
r e t u r n  t o  system 

end 



ONOFF : 
NOP BRNCHl and BRNCH2 
r e t u r n  t o  system 

PLTINT: 
i f  i n t e r r u p t  disabled--INT=O 

then  r e t u r n  t o  system 
e l s e  

i f  t a s k  plotting--TEST=O 
then  schedule t a s k  PLOTXY 
e l s e  schedule slow c lock  

r e t u r n  t o  system 

B. F inger  and Thumb Codes 

The 910 s t a r t s  up the  Mi tsubish i ,  sends a  s t r i n g  of c h a r a c t e r s  

f o r  t he  scan t o  be performed, and r eads  the  d a t a  through t h e  

Mi tsubish i /910  i n t e r f a c e .  

The I / O  r e g i s t e r s  f o r  the  Finger  and Thumb a r e  denoted by the  

o c t a l  address  A(xy)B(z) where A(xy) i s  12 f o r  t h e  Thumb and 13 f o r  

t he  F inger .  The B(z) address  has  t he  same va lue  f o r  both t h e  Thumb 

and Finger .  These va lues  a r e  g iven  i n  Table 1. Fur the r  d i scuss ion  

of t he  a lgor i thm w i l l  use  t h e  Thumb a s  an example. The b a s i c  

d i f f e r e n c e  between t h e  two ~ o d c o  i o  t h c  a d d i t i o n a l  t a b l c  d r i v e n  

by the  F inge r  d i f f r a c t o m e t e r .  

On a n  OPEN FILE (THUMB) i n  t h e  15, e n t r y  p o i n t  SETUP i s  

scheduled.  This  s t a r t s  t h e  i n i t i a l  s t a r t  up of t he  Mi t sub i sh i .  

The code ou tpu t s  a  c l e a r  Mi t sub i sh i  t o  the  i n t e r f a c e  which r e s e t s  

* 
t h e  Mi t sub i sh i  hardware. Eighteen c lock  t i c k s  a r e  counted t o  

* 
W. D.  Thomas, P r i v a t e  Communication. 



Table 1 

Output Registers: 

B ( z )  Function 

0 Output monitor counting interval 

2 Output time counting interval 

3 Output counting interval to hold register 

4 Output character to Mitsubishi 

5 Control address 

1 - set count on monitor 
2 - set count on time 
10 - clear Mitsubishi 
40 - start Mitsubishi 
400 - send master reset to interface 

Input Rcgiotcro: 

Load data register 

Load monitor register 

Load time register 

Test for cause of interrupt 

1 - EOM interrupt 
2 - EOT interrupt 

110 registers for communication with the Mitsubishi. 



a l low the  b u f f e r  t ime t o  be read s i n c e  t h e  i n t e r f a c e  hardware i s  

much slower than  t h e  910 hardware. The t a s k  then  ou tpu t s  a  master 

r e s e t  t o  t h e  i n t e r f a c e  which c l e a r s  t h e  i n t e r f a c e  and p u t s  the  

sequencer i n  ready  f o r  next  b lock .  Again e igh teen  c lock  t i c k s  a r e  

counted. F i n a l l y ,  t h e  t a s k  ou tpu t s  a  s t a r t  Mi t sub i sh i  command. 

This  l a s t  command causes a  r eade r  read  which p u t s  the  i n t e r f a c e  i n  

t h e  block loading s t a t e .  I t  a l s o  gene ra t e s  a  read  s e t  which loads 

a  zero  c h a r a c t e r  i n t o  t h e  Mi t sub i sh i .  The i n t e r f a c e  then  genera tes  

a ready next  c h a r a c t e r  i n t e r r u p t .  

Af t e r  t h e  f i r s t  c h a r a c t e r  i n t e r r u p t  i s  rece ived  i n  t he  910, 

an i n t e r r u p t  i s  s e n t  t o  t h e  15 r eques t ing  a  scan.  This  scan  i s  

converted i n t o  a  c h a r a c t e r  s t r i n g ,  f o r  example, 

N01A12050C01220D05H1~ (THUMB), 

f o r  t ransmiss ion  t o  t h e  Mi t sub i sh i .  

The f i r s t  seven b i t  c h a r a c t e r  is loaded i n t o  t h e  c h a r a c t e r  

b u f f e r  and then  t r a n s f e r r e d  t o  t h e  Mi t sub i sh i .  With each c h a r a c t e r  

oi~tpiit.,  a n n t h ~ r  r e a d y  next c h a r a c t e r  i n t e r r u p t  i~ gcncrotcd.  After 

t h e  l a s t  scan c h a r a c t e r  i s  s en t ,  a  c a r r i a g e  r e t u r n  i s  s e n t  t o  s i g n a l  

t he  end of t h e  block.  This p u t s  t h e  Mi t sub i sh i  and the  i n t e r f a c e  

i n t o  p o s i t i o n i n g  mode. The c h a r a c t e r  i n t e r r u p t  generated by the  

c a r r i a g e  r e t u r n  i s  ignored by d i s a b l i n g  t h e  c h a r a c t e r  i n t e r r u p t  

handler  before  t h i s  c h a r a c t e r  i s  s e n t .  

I f  a  c h a r a c t e r  s e n t  t o  t h e  Mi t sub i sh i  cannot be p rope r ly  

i n t e r p r e t e d ,  a  non-defined c h a r a c t e r  i n t e r r u p t  i s  generated i n  



p l a c e  of t h e  next  c h a r a c t e r  i n t e r r u p t .  This  i n t e r r u p t  i s  s e n t  on 

t h e  shared  d a t a  i n t e r r u p t  l i n e .  It  i s  determined by t e s t i n g  t o  

s e e  i f  t he  c h a r a c t e r  i n t e r r u p t  i s  enabled.  I f  a  non-defined 

c h a r a c t e r  i n t e r r u p t  occurs ,  a  s t a r t  i s  s e n t  t o  t h e  Mi tsubish i ,  

and an  a t tempt  i s  made t o  send t h e  s t r i n g  aga in .  Af t e r  6 unsuccessfu l  

a t t empt s  t o  send t h e  c h a r a c t e r  s t r i n g i  an i n t e r r u p t  i s  s e n t  t o  the 15 

t o  a b o r t  t h e  c u r r e n t  scan .  

Af t e r  t he  arms a r e  pos i t ioned ,  a  s c a l a r  s t a r t  s i g n a l  i s  s en t  t o  

t h e  i n t e r f a c e  by t h e  Mi t sub i sh i  and count ing  i s  s t a r t e d .  Subsequent 

s c a l a r  s t a r t  s i g n a l s  w i l l  a l l ow counting t o  begin  only  i f  t he  counting 

r e g i s t e r s  have been loaded be fo re  p o s i t i o n i n g  i s  complete.  This  i s  

done a u t o m a t i c a l l y  from the  H o r  hold r e g i s t e r .  This r e g i s t e r  i s  

loaded wi th  t h e  proper  count ing  i n t e r v a l  before  t h e  c h a r a c t e r  s t r i n g  

i s  loaded. S ince  count ing  i s  done up t o  zero ,  t h e  negat ive  va lue  of 

t he  count ing  i n t e r v a l  i s  loaded i n t o  t h e  H r e g i s t e r .  

When a count i s  complete, a n  end of measuremerlt (EOM) i s  s en t  t o  

t h e  Mi t sub i sh i  - v i a  t h e  d a t a  i n t e r r u p t  l i n e .  This  i n t e r r u p t  i s  

determined by t e s t i n g  address  A(xy)5. When the  d a t a  a r e  read,  the 

H r e g i s t e r  i s  loaded i n t o  t h e  proper  count  r e g i s t e r  and t h e  EOM 

f l i p - f l o p , i s  r e s e t .  This  a l lows  p o s i t i o n i n g  t o  s t a r t  f o r  t h e  next 

p o i n t  i n  t h e  scan .  Only GA and VA scans  a r e  performed au toma t i ca l ly  

by t h e  Mi t sub i sh i .  Sample t a b l e  scans  must be processed a s  n  s epa ra t e  

scans  by t h e  910 so f tware .  I f  t h e  scan  i s  complete, a  r eade r  read and 

read  s t a r t  a r e  a l s o  genera ted .  This causes a  ready next cha rac t e r  



i n t e r r u p t  t o  be genera ted .  When t h e  new scan i s  received,  t h e  

conversion and loading proceed a s  above. 

A t  t h e  beginning of each scan  and f o r  a l l  nega t ive  ang le  

increments,  t he  arms a r e  f i r s t  d r i v e n  t o  . 3  degrees l e s s  than  

t h e  d e s i r e d  angle .  This  i s  done t o  remove backlash from t h e  gears .  

One time count  i s  loaded i n t o  t h e  t ime r e g i s t e r  and t h e  count  i s  

s t a r t e d .  The immediate EOM is  ignored except  t o  gene ra t e  a next  

c h a r a c t e r  i n t e r r u p t  f o r  t he  t ransmiss ion  of t h e  a c t u a l  scan  t o  

be performed. 

Af te r  each EOM, the  d a t a  a r e  converted t o  15 f l o a t i n g  p o i n t  

r e p r e s e n t a t i o n .  The 15 i s  s igna led  t h a t  d a t a  e x i s t  t o  be r ead .  

The d a t a  a r e  read by the  15.  I f  t he  scan  i s  complete, an  i n t e r r u p t  

i s  s e n t  t o  the 15 r eques t ing  a  new scan.  Otherwise, t h e  software 

. i s  e x i t e d ' u n t i l  another  d a t a  i n t e r r u p t  i s  r ece ived .  

F i n a l l y ,  the  i n t e r f a c e  has a  panic  o r  dump bu t ton  which 

gene ra t e s  an  end of tape  (EOT) i n t e r r u p t .  This  i n t e r r u p t  i s  a l s o  

, s e n t  via t h e  d a t a  i n t e r r u p t  l i n e .  Upon r e c e i p t  of t h e  i n t e r r u p t ,  

t h e  Mi t sub i sh i  i s  c l e a r e d  which s t o p s  any a c t i o n  i n  p rog res s .  A 

s i g n a l  i s  s e n t  t o  t h e  15 t o  te rmina te  t h e  t a s k  c u r r e n t l y  execut ing.  

When t h e  15 te rmina tes  a  task ,  e i t h e r  normally o r  abnormally, 

a  semi colon i s  s e n t  t o  t h e  Mi t sub i sh i  t o  s i g n a l  t he  end of the  

"paper tape". This  causes a n  end t o  be generated by t h e  Mi t sub i sh i  

which d i s a b l e s  t h e  hardware u n t i l  a  new t a s k  i s  s t a r t e d  i n  t h e  15. 



The fo l lowing  e n t r y  p o i n t s  and b u f f e r  a r e a s  e x i s t  f o r  t h e  

910 M i t s u b i s h i  code. 

CHINT: c h a r a c t e r  i n t e r r u p t  hand le r .  

DTINT: d a t a  i n t e r r u p t  hand le r .  

SETUP: e n t r y  p o i n t  f o r  code execu t ion  upon open f i l e  THUMB. 

SHTDWN: e n t r y  p o i n t  f o r  code execu t ion  upon c l o s e  

f i l e  THUMB. 

THUMB: e n t r y  p o i n t  f o r  scan  s e t  up upon WRITE (THUMB) 

KEYFROM ( 1 ) .  Th i s  e n t r y  p o i n t  i s  a l s o  used f o r  i n t e r n a l  t a s k  

s chedu l ing  a f t e r  v a r i o u s  i n t e r r u p t s  have been processed .  

SNDATA: e n t r y  po in t  f o r  d a t a  t r ansmis s ion  t o  t h e  15 upon 

READ (THUMB) KEY(2). DATA c o n t a i n s  t h e  d a t a  i n  1 5 - f l o a t i n g  

TIIIJMB: 
branch t o  proper  e n t r y  p o i n t - - i n i t i a l l y  INIT 

INIT: 
send c l e a r  t o  Mi t sub i sh i  
s t o r e  branch SND400 i n  l o c a t i o n  ADRES 

LABl: 
i n i t i a l i z e  c lock  t i c k  coun te r - - s e t  TEMP 18  
schedule  medium c lock  
r e t u r n  t o  system 

SND400 : 
s t o r e  branch SND10 i n  l o c a t i o n  ADRES 
send mas tc r  r e s e t  t o  c l e a r  i n t e r f a c e  
branch t o  LABl 

sND10: 
send s t a r t  t o  gcnc ra t c  c h a r a c t e r  i n t e r r u p t  
s t o r e  branch INT i n  l o c a t i o n  ADRES 
s t o r e  oncode f o r  i n t e r r u p t - - s e t  TEMP 1 
r e t u r n  t o  system 



I N T  : 
s t o r e  branch SCAN i n  l o c a t i o n  ADRES 
send i n t e r r u p t  t o  15 
r e t u r n  t o  system 

START : 
enable  c h a r a c t e r  i n t e r r u p t  handler  
s e t  number of s t e p s - - s e t  CHAR+6 t o  22030061(8) 
s e t  angle  increment--set  CHAR+5 t o  21030060(8) 
conver t  s tandard  s e t t i n g  t o  c h a r a c t e r  

SCAN: 
r e s e t  i n t e r f a c e  
i f  Q backlashes 

then  s u b t r a c t  . 3  degrees  from Q angle  
conver t  angle  t o  c h a r a c t e r  
i f  Y backlashes 

then  s u b t r a c t  . 3  degrees  f o r  Y angle  
conver t  angle  t o  c h a r a c t e r  

i f  e i t h e r  angle  i s  backlashed 
then  do 

s e t  count a g a i n s t  time , 

load time r e g i s t e r  wi th  one count 
end 
e l s e  do 

i f  Y moves 
then  do 

PHIPSI: 
i f  Q moves 

then  update  cp angle  
PSI: 

update  Y ang le  
end 
e l se  dn 

conver t  number of s t e p s  t o  c h a r a c t e r  
conver t  angle  increment t o  c h a r a c t e r  

e nd 
SETCT: 

i f  count i n t e r v a l  < 0 --PRESET 
then  s e t  count a g a i n s t  time 
e l s e  s e t  count  a g a i n s t  monitor 

load negat ive  i n t e r v a l  i n t o  hold r e g i s t e r  
read d a t a  r e g i s t e r  t o  load hold r e g i s t e r  i n t o  

proper  count r e g i s t e r  
end 



LOAD : 
s e t  i n t e r r u p t  counter - - se t  TEMP+4 -6 

61 : 
s e t  charac te r lword  counter - - se t  SAVE+l 2 
s e t  number of  words t o  be sen t - - se t  SAVE -8 
s t o r e  branch CHRLD i n  l o c a t i o n  ADRES 

CHRLD : 
i f  a l l  words s e n t  

t hen  do 
ENDLD : 

d i s a b l e  c h a r a c t e r  i n t e r r u p t  
  end end of block c h a r a c t e r  t o  Mi tsubish i  

end 
e l s e  do 

load  word being processed 
s e t  b i t  f o r  c h a r a c t e r  t o  be s e n t  
send t h e  c h a r a c t e r  
i f  a l l .  r h a r a c t ~ r s  i n  wnrd s e n t  

t hen  do 
increment t h e  word counter  
r e s e t  c h a r a c t e r  coun te r - - se t  SAVE+l 2 

end 
end 

r e t u r n  t o  system 

DATAIN i 
i f  number of s t e p s  i n  scan  i s  0 

t hen  d i s a b l e  i n t e r r u p t  
i f  Y moves 

then  do 
enab le  t h e  c h a r a c t e r  i n t e r r u p t  
s t o r e  branch SCAN i n  l o c a t i o n  ADRES 

end 
i f  count  a g a i n s t  monitor 

t hen  load con ten t s  of  time r e g i s t e r  
e l s e  load con ten t s  of  monitor  r e g i s t e r  

conver t  non-preset  t o  15  f l o a t  
conver t  d a t a  t o  15 f l o a t  
send d a t a  i n t e r r u p t  t o  15 
i f  Y moves 

then  i f  Y increment < 0 
t hen  r e s e t  Y backlash b i t  
e l s e  i f  Q increment < 0 

t hen  r e s e t  Q backlash b i t  
r e t u r n  t o  system 



UNDCHR: 
i f  6 a t t empt s  have been made t o  send block 

then do 
CHRE ND : 

send end of t ape  c h a r a c t e r  t o  Mi t sub i sh i  
send undefined c h a r a c t e r  i n t e r r u p t  t o  

15--ONCODE& 
branch t o  i n i t i a l i z e  t he  Mi t sub i sh i  

end 
e l s e  do 

c l e a r  Mi t sub i sh i  
increment i n t e r r u p t  counter  
branch t o  c h a r a c t e r  send code- - labe l  d l  

end 

S NDATA : 
send d a t a  t o  15 
i f  number of s t e p s  remaining > 0 

then  r e t u r n  t o  system 
e l s e  do 

enable  c h a r a c t e r  i n t e r r u p t  
load THUMB r e - e n t r y  address  
send i n t e r r u p t  t o  15 f o r  new scan--ONCODE=l 

end 

.CLKB: 
i f  number of c lock  t i c k s  i s  0 

then  schedule THUMB f o r  execut ion  
e l s e  .do 

increment c lock  t i c k  counter  
schedule medium c lock  

end 

CHINT: 
i f  i n t e r r u p t  enabled 

then  schedule THUMB f o r  execut ion  
r e t u r n  t o  system 

DTINT: 
i f  c h a r a c t e r  i n t c - r r u p t  enabled 

then  s t o r e  branch UNDCHR i n  l o c a t i o n  ADRES 
e l ~ e  

i f  i n t e r r u p t  EOM 
then  do 

EOM : 
i f  e i t h e r  backlash b i t  s e t  

then  do 



BCKLSH: 
r e s e t  backlash b i t  
s t o r e  branch START i n  l o c a t i o n  ADRES 
read  d a t a  r e g i s t e r  
enable  c h a r a c t e r  i n t e r r u p t  
r e t u r n  t o  system 

end 
e l s e  

e l s e  do 
ROT: 

clear Mitsubishi  
o c t  up i n t c r r u p t  oncodc f o r  15--0MCODE-8 

end 

TASK : 
s t o r e  branch INT i n  l o c a t i o n  ADRES 
schedule  THUMB f o r  execut ion  
r e t u r n  t o  syst,em 

SETUP : 
s t o r e  branch I N I T  i n  l o c a t i o n  ABRES 
schedule  THUMB f o r  execut ion  

SIITDFdM: 
send end of t ape  c h a r a c t e r  t o  Mi t sub i sh i  
r e t u r n  t o  system 

Var i ab le  term d i c t i o n a r y  f o r  Thumb and Finger.  

DATIN: 
+o: 
+I: 
+2 : 
+3 : 
+4 : 
+6 : 

GA-arm angle  s e t t i n g  ( c p  i n  comments) 
ST-arm ang le  s e t t i n g  ( Y  i n  comments) 
increment  f o r  ang le  cp 
number of s t e p s  i n  scan  
standard s e t t i n g  
move word 

b i t  23 s e t  i f  cp moves 
b i t  22 s e t  i f  Y moves 
b i t  21 ' s e t  i f  cp backlashed 
b i t  2 0  s e t  i f  Y backlashed 

count ing  i n t e r v a l  

CHR : 
+0: s t r i n g  f o r  ze ro  s t e p s i z e  
+1: s t r i n g  f o r  one s t e p  scan  

CHAR: a r r a y  con ta in ing  the  converted output  f o r  t h e  
Mi t sub i sh i  

INTR: l o c a t i o n  f a l s e  f o r  ignor ing  c h a r a c t e r  i n t e r r u p t ,  
t r u e  f o r  p roces s ing  i t  



C. T r i p l e  Axis Codes 

Unlike the  Mi t sub i sh i  d i f f r ac tome te r s ,  t he  T r i p l e  Axis 

d i f f r a c t o m e t e r  has  no computer of i t s  own f o r  angle  d r i v i n g  e. 
Thus, a l l  of t h e  ope ra t ions  a r e  c o n t r o l l e d  d i r e c t l y  by t h e  910. 

This  c o n t r o l  i s  exerc ised  through a  number of r e g i s t e r s  i n  t he  

i n t e r f a c e  f o r  loading  va lues  and a  ' con t ro l  r e g i s t e r  f o r  handl ing  

hardware ope ra t ions .  

The angle  s e t t i n g  f o r  each arm of t h e  T r i p l e  Axis i s  measured 

by a  16 b i t  b ina ry  encoder. This means t h a t  t he  decimal angle  

va lues  from 0  t o  36000 i n  hundreths  of a  degree a r e  represented  by 

only  32768 d i s t i n c t  s e t t i n g s .  Hence, conversion from o c t a l  t o  

decimal must be made both i n  the  hardware decimal d i s p l a y  and the 

sof tware  d r i v e  r o u t i n e .  Note t h a t  a l l  angle  va lues  cannot be 

r ep re sen ted  on t h e  d i s p l a y  panel  s i n c e  t h e r e  a r e  only 32768 poss ib l e  

s e t t i n g s .  I n  o rde r  t o  d r i v e  a  g iven  arm a s  c l o s e  t o  i t s  t r u e  va lue  

a s  poss ib l e ,  t h e  decimal ang le  va lue  i s  converted t o  o c t a l .  This 

conversion y i e l d s  an i r r a t i o n a l  number i n  general. The arm i s  

d r iven  t o  w i t h i n  .5 degrees of t he  d e s i r e d  angle  when s t a r t i n g  a  

scan and f o r  a l l  nega t ive  angle  increments  t o  remove backlash from 

t h e  gea r s .  The arm i s  then  s tepped t o  w i t h i n  .03 degrees  of t h e  

d e s i r e d  s e t t i n g .  A t  t h i s  p o i n t  each arm i s  s tepped one motor 

pu l se  a t  a  time u n t i l  the  d e s i r e d  encoder p o s i t i o n  i s  reached.  The 

f r a c t i o n a l  p a r t  of t h e  o c t a l  angle  va lue  i s  then  converted t o  motor 

s t e p s .  The arm i s  f u r t h e r  s tepped u n t i l  t h i s  number of s t e p s  

counts  down t o  zero .  



The s i n g l e  p u l s i n g  of t h e  motors i s  done t o  avoid overshooting 

t h e  d e s i r e d  a r m  s e t t i n g .  I f  an overshoot  should occur ,  t h e  arm 

d r i v i n g  procedure i s  repea ted  fo r '  t h a t  arm. Af te r  t h r e e  such 

overshoots ,  t h e  arm i s  l e f t  a t  i t s  p o s i t i o n  and an i n t e r r u p t  with 

oncode 64 p l u s  t h e  arm p o i n t e r  . fo r  t he  arm causing the  problem is 

s e n t  t o  t h e  15.  

When t h e  15 sends a scan  t o  be performed, entry pulrlt TRIAX 

i s  scheduled by t h e  910 system. The ang le s  a r e  converted t o  o c t a l  

and t h e  i n i t i a l  number of motor s t e p s  t o  d r i v e  each arm i s  ca l cu la t ed  

and s e n t  t o  t h e  i n t e r f a c e .  Note t h a t  t h e  r e g i s t e r  cannot be loaded 

wi th  zero  motor s t e p s  a s  4 motor s top  i n t e r r u p t  w i l l  never occur. '  

When a l l  i n i t i a l  increments  have been loaded, a l l  t h e  motors a r e  

s t a r t e d  by s e t t i n g  appropr i a t e  b i t s  i n  t h e  c o n t r o l  address  r e g i s t e r .  

When each arm reaches  i t s  p o s i t i o n ,  a motor s t o p  pu l se  i s  

genera ted .  This  causes  an i n t e r r u p t  t o  be s e n t  t o  t h e  910. The 

i n t e r r u p t  hand le r  r e a d s  the  s t a t u s  r e g i s t e r  t o  determine which arm 

caused t h e  i n t e r r u p t .  Entry p o i n t  TRIAX i s  then  scheduled by the 

910 system f o r  t h e . n e x t  movement of t h e  arm. The arms a r e  now 

processed one a t  a time u n t i l  they  reach  t h e i r  p roper  p o s i t i o n s  

for t h e  count ,  The r e s p e c t i v e  b i t  i n  t h e  DONE word i s  then  s e t .  

When a l l  n ine  b i t s  of t h e  DONE word a r e  s e t ,  t h e  count i s  s t a r t e d .  

Upon completion o f  t h e  count,  an  i n t e r r u p t  i s  rece ived  i n  t he  910. 

The 910 then  r eads  t h e  d a t a  and background r e g i s t e r s ,  and s i g n a l s  

t h e  15 t h a t  t h e  count i s  complete.  The 15 then  r e q u e s t s  t h a t  the 
I 



d a t a  be t r ansmi t t ed .  I f  t h e  scan  i s  completed, t hen  no new t a s k  

i s  s t a r t e d .  Otherwise, t h e  910 d r i v e s  t h e  arms t o  t he  next  p o s i t i o n  

i n  t he  scan and s t a r t s  ano the r  count .  

The d a t a  r e g i s t e r s  a r e  18 b i t  r e g i s t e r s  which only  s t o r e  

p o s i t i v e  va lues .  They a r e  loaded i n t o  t h e  18 high o rde r  b i t s  of 

t h e  910. The r e g i s t e r s  can be sca l ed  t o  expand t h e i r  range .  This 

i s  done by s e t t i n g  t h e  d a t a  t o  i n d i c a t e  1 count f o r  every 2 counts 

e t c .  When the  d a t a  a r e  loaded i n t o  t h e  910, t h e  high o r d e r  18 b i t s  - 
con ta in  t h e  con ten t s  of t h e  18 b i t  count r e g i s t e r  and t h e  low o rde r  

6 b i t s  con ta in  the  p r e s c a l e  b i t .  Thus, b i t  23 i s  t e s t e d .  I f  i t  

i s  s e t ,  then  t h e  b i t s  t o  t h e  l e f t  con ta in  the  d a t a  p o i n t .  I f  i t  

i s  r e s e t ,  t he  r e g i s t e r  i s  s h i f t e d  r i g h t  1 b i t  and b i t  23 i s  t e s t e d  

aga in .  This  process  i s  repea ted  u n t i l  b i t  23 i s  s e t .  One more 

r i g h t  s h i f t  r e t r i e v e s  t he  d a t a .  

The T r i p l e  Axis has s p e c i a l  i n t e r r u p t s  f o r  process ing  an  

abnormal cond i t i on .  These cond i t i ons  a r e  h igh  and low l i m i t  switches 

on the  arms themselves,  a long with a  bumper switch which i s  a c t i v a t e d  

i f  two arms c o l l i d e .  F i n a l l y ,  t h e  i n t e r f a c e  has a  dump but ton  

which s t o p s  the  d i f f r a c t o m e t e r . n o  matter what i t  i s  doing.  A l l  

i n t e r r u p t s  s e n t  t o  t h e  15 r e q u i r e  an  oncode. For abnormal 

i n t e r r u p t s ,  t he  angle  gene ra t ing  t h e  i n t e r r u p t  needs t o  be known 

by t h e  15. This i s  done by c o n s t r u c t i n g  an oncode wi th  b i t s  9/11 

s e t  f o r  t he  cause of t h e  i n t e r r u p t ,  and b i t s  12/17 con ta in ing  the  

r e s p e c t i v e  angle  p o i n t e r .  The ang le s  a r e  numbered from % to  

' ~ 2  
i n  o rde r .  



Priority Oncode Interrupt 

panic stop 
count complete 

step complete 
2% step complete 
Y step complete 
2eSl step complete 
QA1 step complete 
2eA1 step complete 
2eC3 step complete 
0 ~ 2  step complctc 
20A2 step compleLe 

low limit switch 
2& luw IllllIL S W L L C I ~  
Y low limit switch 
2 9 ~ 1  low limit switch 
Qal 1nw limit switch 
2QA1 low limit switch 
2QS2 low limit switch 
eA2 low limit switch 
2 9 ~ 2  low limit switch 

high limit switch 
2eM high limit switch 
Y high limit switch 
2eS high limit switch 
9 ~ 1  high limit switch 
2 8 ~ 1  high limit switch 
2 0 ~ 2  high limit switch 
eA2 high limit switch 
2 8 ~  high limit switch 
bumper limit switch 

Oncode Bit Interrupt 

17 count complete 
16 panic  stop 
15 bumper limit 
11 over shoot 
10 low limit switch 
9 high limit switch 

Table 2. Interrupt status register and 15 interrupt oncodes. 



Bit Function 

stop oscillator 
start oscillator 
unused 
set wait (time preset) 
set normal (monitor preset) 
start count 
stop count 
unused 
start motor 
start 2% motor 
start Y motor 
start 2eS1 motor 
start €IA1 motor 
start 2eA1 motor 
start 2eS2 motor 
start GA2 motor 
start 2 8 ~ 2  motor 
interrupt flag clear and motor stop 
read done (reload interrupt register) 
clear interrupt process 
set interrupt process (block interrupt) 

Table 3. Control address register. 



Address Output Function 

load step register 
load 2% step register 
load Y step register 
load 2BS1 step register 
load B A ~  step register 
load 2 0 ~ 1  step register 
load 2eS2 step register 
load BA2 step register 
load 2eA7 step register 
load monitor preset register 
control address register 

Address Input Function 

interrupt status register 
encoder 

2% encoder 
Y encoder 
2BS1 encoder 
8 ~ 1  encoder 
2eAi encoder 
2eS2 encoder 
OAZ e n ~ o d e r  
ZBS2 encoder 
data 1 input registar 
background 1 input register 
data 2 input register 
background 2 register 
counting time register 
counting monitor register 

Table 4. Input/output registers, 



The fo l lowing  e n t r y  p o i n t s  and b u f f e r  a r e a s  e x i s t  f o r  t h e  

910 T r i p l e  Axis code. 

DRINT: i n t e r r u p t  hand le r  

STRTUP: e n t r y  p o i n t  f o r  OPEN (TRIAX) 

SHTDWN: e n t r y  p o i n t  f o r  CLOSE (TRIAX) 

TRIAX: e n t r y  p o i n t  f o r  scan  p roces s ing  from WRITE 

(TRIAX) KEYFROM(1). ANGLE c o n t a i n s  t h e  scan  d a t a  w r i t t e n  from 

t h e  15. 

SNDATA: e n t r y  p o i n t  f o r  d a t a  t r ansmis s ion  from READ 

TRIAX KEY(2). DATA con ta in s  t h e  count  d a t a  being s e n t  t o  t h e  15. 

ENCDRD: e n t r y  p o i n t  f o r . e n c o d e r  p o s i t i o n s  from READ 

TRIM KEY(3). ENCOD con ta in s  t h e  encoder p o s i t i o n s  t o  be 

t r a n s f e r r e d  t o  t h e  15.  

REDSET: e n t r y  p o i n t  f o r  p r e - sca l e  m u l t i p l i e r  read  from 

READ (TRIAX) KEY(4). ENCOD con ta in s  t h e  m u l t i p l i e r  t o  be s e n t  

t o  t h e  15. 

TRIAX : 
branch t o  proper  e n t r y  p o i n t - - i n i t i a l l y  BEGIN 

BEGIN: 
, s e t  b i t s  i n  DONE f o r  ang le s  which w i l l  no t  backlash  

do u n t i l  a l l  ang le s  a r e  processed 
i f  ang le  i s  t o  be moved 

then  i f  ang le  i s  no t  t o  be backlashed 
then  r e s e t  corresponding bit i n  DONE word 

end 
i f  c n i ~ n t i  n g  a g a i n s t  time--PRESET <O 

t hen  s e t  monitor b i t  i n  c o n t r o l  add re s s  
e l s e  s e t  t ime b i t  i n  c o n t r o l  add re s s  

ou tpu t  s t o p  motor and c l e a r  f l a g  t o  T r i p l e  Axis 
output  p r e s e t  va lue  t o  c o n t r o l  add re s s  



DRIVER: 
load branch RSTRT i n t o  l o c a t i o n  BRNCH 
r e s e t  a l l  b i t s  i n  motor s t a r t  word 
load r e - e n t r y  po in t  
i f  a l l  ang le s  p rope r ly  s e t  

t hen  do 
COUNT: 

ou tpu t  count ing  i n t e r v a l  t o  i n t e r f a c e  
s t a r t  t h e  count 
r e s e t  b i t s  i n  DONE word f o r  arms which move 

EXIT: 
r e t u r n  t o  sysrem 

c nd 
e l s e  do 

i n i t i a l i z e  overshoot  count - -se t  TRY 2 
s e t  f i n a l  t e s t  branch a r r a y - - s e t  PH TEST 

LOOP 1 : 
do u n t i l  a l l  angles  are checked 

i f  ang le  i s  t o  be moved 
then  do 

conver t  angle  t o  encoder p o s i t i o n  
conver t  encoder p o s i t i o n  t o  f i xed  p o i n t  
s t o r e  t h e  i n t e g r a l  encoder va lue  
s t o r e  t h e  f r a c t i o n a l  encoder va lue  

end 
end 

TOP : 
do u n t i l  a l l  angles  a r e  processed 

save t h e  angle  p o i n t e r  
i f  angle  i s  t o  be moved 

then  do 
RS TRT : 

r e s e t  motor s t a r t  b i t s  
read  a m  p o s i t i o n  
s e t  s i g n  word p o s i t i v e  
i f  d e s i r e d  ang le  < 4  

t hen  i f  encoder > 32764 
then  add 32768 t o  encoder p o s i t i o n  

s u b t r a c t  p re sen t  c n r o d ~ r  p n s i t i n n  
i f  increment i s  negat ive  

then  do 
mark s i g n  word negat ive  
change increment p o s i t i v e  

e r~d 
conver t  encoder p o s i t i o n  t o  f l o a t  
conver t  t o  motor s t e p s  
conver t  motor s t e p s  t o  f i xed  
i f  angle  i s  O M ,  Y ,  BAl, BA2 



then do 
if increment > 180 degrees 
then do 
convert increment to compliment 
change the sign word 

end 
end 

CONT1: 
if arm is to be backlashed 
then do 

CONT2 : 
increment=increment-.5 degrees 
if 3 overshoots have occurred 
then do 
set up oncode for 15 
output interrupt to the 15 
branch to DNE 

end 
decrement overshoot counter 
if number of motor steps is negative 
then set bit 0 to mark negative move 

end 
else do 
if number of motor steps <=1 
then 
if number of motor steps 0 
then do 
branch to TEST or LAST 

TEST: 
load fractional encoder position 
normalize the mantissa 
convert to motor steps 
convert to fixed 
set branch point 
decrement the last output array 

LAST : 
load one step for sending 

end 
else do 
if increment negative 
then if initial arm drive 
then branch to CONT2 
else do 

DNE : 
set proper bit in DONE 
if angle not scanned 
then set proper backlash bit 



i f  a l l  b i t s  s e t  i n  DONE word 
then  branch t o  COUNT 
e l s e  branch t o  EXIT 

end 
branch t o  125 

end 
e l s e  do 

CONT3 : 
i f  increment i s  nega t ive  

then  do 
425 : 

re lnar i  t e s t  h ranrh  tn r  overshoot 
braach t o  CONT2 

end 
i f  number of motor s t e p s  > .03 degrees  

then  advance t o  ang le  l e s s  .03 degrees  
e l s e  advance one motor s t e p  

end 
end 

LOAD : 
i f  number of motor s t e p s  0 

then  change t o  . 5  degrees  
ou tpu t  number of motor s t e p s  
s e t  proper b i t  i n  START wnrd 
i f  not  f irst  time through loop 

then  go t o  STRT 
I end 

ENDLP : 
ourpuc START word t o  i n t e r f a c e  

STRT: 
branch t o  EXIT 

SCAN: 
LOOP 3 : 

i n i t i a l i z e  p o i n t e r s  
do u n t i l  a l l  angles  have been processed 

i f  increment p o i n t e r  i s  O 
t hen  r e s e t  increment p o i n t e r  

do u n t i l  a l l  ang le s  a r e  proccsscd 
i f  angle  moves t hen  go ro &S 

end 
branch t o  DRIVER 

4 3  : 
end 
add angle  increment t o  c u r r e n t  va lue  
branch t o  DRIVER 



DATAIN: 
i f  counted with, d e t e c t o r  1 

then  do 
c a l l  INPUT t o  process  counts  on 1 
c a l l  INPUT t o  process  background on 1 

end 
DTWO : 

i f  counted wi th  d e t e c t o r  2 
then  do 

c a l l  INPUT t o  process  counts  on 2 
c a l l  INPUT t o  process  background on 2 

end 
CTINT: 

c a l l  INPUT t o  process  non-preset  count i n t e r v a l  
r e t u r n  t o  system 

INPUT: 
do while  b i t  23 i s  not  s e t  

r i g h t  s h i f t  r e g i s t e r  i b i t  
end 
convert  t o  15 f l o a t i n g  p o i n t  r e p r e s e n t a t i o n  
i f  d a t a  va lue  i s  nega t ive  

then  do 
r e s e t  s i g n  b i t  
increment exponent--multiply by 2 

end 
e x i t  subrout ine  

ENCDED : 
read  a l l  encoder p o s i t i o n s  
output  va lues  t o  15 
r e t u r n  t o  system 

SNDATA: 
t r ansmi t  t he  d a t a  t o  t h e  15 
decrement t h e  number of s t e p s  
i f  number of s t e p s  i s  0 

then  load branch BEGIN i n t o  BRNCH 
e l s e  do 

i f  primary incremexit: i s  0 
then  load branch COUNT i n t o  BRNCH 
e l s e  load brallcl~ SCAN il1t.u BRNCH 

schedule TRIAX 
t? 1111 

r e t u r n  t o  system 



RDSET: 
read the prescale multiplier value 
convert to 15 float representation 
transmit value to 15 
return to system 

S TRTUP : 
load branch BEGIN into BRNCH 
return to system 

nRTPlT: 
read the status register for oncode 
if oncode is 0 
then panic interrupt 
else if oncode is 1 
then load branch DATAIN into BRNCI.1 
else if oncode <11 

L I I ~ L I  du 
mark angle pointer 
schedule next arm drive 

end 
else if oncode < 20 
then low limit switch interrupt 
else bumper limit interrupt 

return to system 

Variablc term dictionary for TRIAX. 

POS: array of input EOM commands for the encodes. 

STEP: array of output EOM commands for motors. 

STEP1: array of number of motor steps/encoder mark. 

HDEG: array of number of motor stepslhalf degree. 

THDEG: array of number of motor steps/.03 degrees. 

MSTP: .array of mantissas for number of motor 

steps/encoder mark. 

MEXP: array of exponents for number of motor 

stepslencoder mark. 

ADJST: round off factor for float-fixed conversion. 



START: b i t s  11/19 a r e  s e t  f o r  s t a r t i n g  r e s p e c t i v e  motors 
1 

f o r  a  g iven  ang le .  The word i s  s e n t  t o  t he  i n t e r f a c e  through the 

c o n t r o l  address  r e g i s t e r .  

DONE: b i t s  15/23 a r e  s e t  when a  r e s p e c t i v e  arm i s  a t  

i t s  d e s i r e d  p o s i t i o n .  Otherwise t h e  b i t s  a r e  r e s e t .  

PT: p o i n t e r  f o r  the  arm being processed .  This  va lue  

i s  loaded i n t o  the  index r e g i s t e r  f o r  an  indexed load of t h e  

va r ious  a r r a y s .  

F: word s e t  f a l s e  f o r . t h e  i n i t i a l  d r i v e  of t h e  arms 

and t r u e  t h e r e a f t e r .  I n i t i a l l y  a l l  angles  which a r e  t o  be dr iven  

a r e  s t a r t e d  s imultaneously.  The f a l s e  va lue  of F p reven t s  e x i t  

from the  i n i t i a l  d r i v i n g  loop u n t i l ' a l l  arm movements a r e  c a l c u l a t e d .  

The rea f t e r ,  arms a r e  processed one a t  a  time a s  t h e i r  i n t e r r u p t s  

occur .  The t r u e  va lue  of F e x i t s  t h e  d r i v i n g  loop a f t e r  one pass  

through. 

TEMP: temporary s t o r a g e .  

DELTA: temporary s to rage  of angle  increment.  

SIGN: l o c a t i o n  t o  mark s i g n  of ang le  increment .  

F a l s e  i f  p o s i t i v e  increment, and t r u e  i f  nega t ive  increment.  

ANGLE: a r r a y  of t h e  angle  va lues  i n  hundreths  of degree .  

BCKLSH: b i t s  15/23 a r e  s e t  i f  arm i s  not  t o  be moved a t  any 

t ime dur ing  t h e  scan.  Af t e r  t he  i n i t i a l  backlash,  a l l  b i t s  a r e  s e t  

f o r  a l l  angles  which do no t  change dur ing  t h e  scan .  



MOVE: b i t s  15 /23  r e s p e c t i v e l y  a r e  s e t  i f  corresponding 

arm moves du r ing  t h e  s can .  B i t s  13/14 a r e  s e t  f o r  count ing  on 

d e t e c t o r s  2 and/or  1 r e s p e c t i v e l y .  

PRESET: t h e  p r e s e n t  count  i n t e r v a l .  This  va lue  i s  

n e g a t i v e  f o r  count ing  a g a i n s t  t h e  c lock ,  and p o s i t i v e  f o r  count ing 

a g a i n s t  t h e  moni tor .  

A I N C  : a n g l e  increments .  

NSTEP: number o f  s t e p s  i n  t h e  scan.  

PH: b ranches  f o r  f i n a l  arm p o s i t i o n i n g ,  O r i g i n a l l y  

c o n v e r t s  f r a c t i o n  encoder  p o s i t i o n  t o  motor s t e p s .  Then o u t p u t s  

f i n a l  motor  pulse^ one a t  a t ime.  

ENCINT: a r r a y  of t h e  i n t e g r a l  number of encoder p o s i t i o n s  

f o r  t h e  p rope r  ang le  s e t t i n g .  Dr ives  t h e  arm t o  t h e  proper  

i n t e g r a l  encodcr  p o s i t i o n .  

ENCFRA: a r r a y  of f r a c t i o n a l  number of encoder p o s i t i o n s  

f o r  t h e  p rope r  ang le  s e t t i n g .  Used f o r  f i n a l  anglc  d r i v i n g .  

LSTEP: a r r a y  of convers ion  from f r a c t i o n a l  encoder 

p o s i t i o n s  t o  motor s t e p s  f o r  f i n a l  ang le  d r i v i n g .  

TRY: a r r a y  of coun tc r s  f o r  t h e  number of overshoot  

a t t empt s .  I n i t i a l l y  s e t  t o  2 .  



D. U t i l i t y  Programs f o r  910 Codes 

There a r e  two u t i l i t y  t a s k s  used i n  conjunct ion  wi th  t h e  

910 neutron d i f f r a c t i o n  codes: a  code fo,r conversion from 

f ixed  t o  cha rac t e r ,  and a  code f o r  conversion from 910 f l o a t i n g  

p o i n t  r e p r e s e n t a t i o n  t o  15 f l o a t i n g  p o i n t  r e p r e s e n t a t i o n .  These 

r o u t i n e s  w i l l  be d iscussed  below. 

1. C2-the f ixed  t o  c h a r a c t e r  code. This code conver t s  

f i x e d  numbers t o  ASK11 c h a r a c t e r s  t o  d r i v e  t h e  Mi t sub i sh i .  The 

l e t t e r s  a r e  represented  by t h e  8  b i t  o c t a l  numbers lOl(8)-132(8)  

and the  d i g i t s  by t h e  8  b i t  o c t a l  numbers 060(8)-071(8).  The two 

s p e c i a l  c h a r a c t e r s  requi red  a r e  15(8)  f o r  t he  c a r r i a g e  r e t u r n  and 

72(8) f o r  t h e  semi colon.  The f i n a l  c h a r a c t e r  s t r i n g  c o n s i s t s  of 

a  l e t t e r  followed by 2  o r  5 d i g i t s .  The l e t t e r s  a r e  not  changed. 

The 2  d i g i t s  fol lowing a  l e t t e r  a r e  converted and s t o r e d  i n  t he  

same word a s  , the l e t t e r .  I f  t h e r e  a r e  5 d i g i t s  fo l lowing  a given 

l e t t e r ,  a  second pas s  i s  made through the  conversion loop. Three 

c h a r a c t e r s  a r e  packed i n t o  the  word fnl lnwing the l e t t e r ,  

Upon e n t r y  t o  t h i s  r o u t i n e  t h e  A r e g i s t e r  con ta ins  t h e  decimal 

number t o  be converted, t h e  B r e g i s t e r  con ta ins  t h e  power of  t e n  

of t h i s  number i n  s c i e n t i f i c  no ta t ion ,  and t h e  X r e g i s t e r  conta ins  

t h e  address  a t  which t h e  r e s p l t a n t  c h a r a c t e r  s t r i n g  w i l l  be s to red .  

There i s  nothing r e tu rned  from t h i s  r o u t i n e .  



The c h a r a c t e r s  a r e  packed, t h r e e  pe r  word from l e f t  t o  r i g h t .  

When they  a r e  s e n t ,  t h e  e i g h t h  b i t  i n  t he  c h a r a c t e r  being s e n t  i s  s e t .  

The a lgo r i thm i s  a s  fol lows:  

save the  parameters  passed from t h e  c a l l i n g  r o u t i n e  
s t r i p  o l d  d i g i t  c h a r a c t e r s  from c h a r a c t e r  s t r i n g  
s e t  c h a r a c t e r  index--se t  TEMP+3 

LOOP 2 : 
do whi le  cha rac re r  index >O 

d i v i d e  number by proper  t e n  t o  proper  power t o  
g e t  d i g i t  

conve r t  t h e  d i g i t  t o  charac te r - -add  60(8)  
s h i f t  the charncrer r6 i r s  prapcr lacarion 
merge wi th  c h a r a c t e r  s t r i n g  
m u l t i p l y  e x t r a c t e d  d i g i t  by t e n  t o  proper  power 
s u b t r a c t  from s t a r t i n g  number 
decrement power of t e n  
i f  power of t e n  < O  

then  e x i t  r o u t i n e  
end 
increment c h a r a c t e r  s t r i n g  address  
r e s e t  c h a r a c t e r  index--se t  TEMI'+3 2 

2.  CNVRT-the 910 f l o a t  t o  15 f l o a t  code. This code conver t s  

SDS-910 24 b i t  f l o a t i n g  po in t  numbers t o  PDP-15 18 b i t  f l o a t i n g  p o i n t  

numbers. The number t o  be converted i s  passed i n  t he  A and B 

r e g i s t e r s .  The converted number i s  r e tu rned  t o  t h e  c a l l i n g  r o u t i n e  

in t h e  A and B r e g i s t e r s .  The a lgo r i thm i s  a s  fol lows:  

oave t h e  m a n t i ~ c a  
remove a l l  b i t s  bu t  the exponent h i t s  from exponent 
r i g h t  s h i f t  mant i ssa  6 b i t s  
save t h e  co r r ec t ed  mant i ssa  
r i g h t  s h i f t  mant i ssa  h i t s  i n  B r e g i s t e r  h h i t s  
merge t h e  exponent w i th  low o r d e r  mant i ssa  b i t s  
r e t u r n  mant i ssa  t o  B r e g i s t e r  f o r  r e t u r n  
e x i t  r o u t i n e  



V.  DATA SET ORGANIZATION 

Each experiment l i b r a r y  has  two primary d a t a  s e t s  and two 

secondary d a t a  s e t s .  The primary d a t a  s e t s  a r e  SCANIN, t h e  d a t a  

s e t  con ta in ing  t h e  scan  f i l e s ,  and DATAOUT, t h e  d a t a  s e t  con ta in ing  

1 t h e  count  f i l e s .  The secondary d a t a  s e t s  a r e  SCANTEST which con ta in s  

s can  f i l e s  f o r  running t a s k  TESTQE s imul taneous ly  wi th  QSCAN, and 

ANGSTR which con ta in s  t h e  ang le s  computed i n  t h e  c a l c u l a t i o n  r o u t i n e  

f o r  q-scans.  

A. T r i p l e  Axis Data S e t s  

SCANIN: t h e  f i l e s  f o r  d a t a  set s can in  a r e  s e t  up a s  fol lows:  

FILE 0: 

word 1: experiment i d e n t i f i e r  f o r  r e s t a r t  purposes .  
It c o n t a i n s  t h e  c h a r a c t e r s  GEN, DBL, o r  
QES depending on t h e  experiment being 
performed. 

word 2: c o n t a i n s  t h e  b i t s  s e t  f o r  f i x i n g  ang le s .  
B i t s  9/17 a r e  s e t  i f  %-2eA2 a r e  never  
t o  move du r ing  a  scan .  

word 3: i npu t  t i t l e  which i s  p r i n t e d  a s  heading 
f o r  each scan .  

FILE 1: This  f i l e  c o n t a i n s  h a l f  of t h e  semi-permanent d a t a  which 

a r e  s t o r e d  a s  fol lows:  
t 

word 1: ST1, sample t a b l e  angle  of c a l i b r a t i o n  1. 
word 2: SCAN, c o n t a i n s  t h e  scan  i n d i c e s  f o r  

t ransforming  from 3-d space t o  t h e  p l ane  
of  t h e  scan:  
b i t s  15-17 c o n t a i n  index of component 1 

of  t h e  2-d T.  
b i t s  12-14 c o n t a i n  index  of component 2  

of t h e  2-d c. 



word 3: 

word 4 :  
word 5 :  
word 6: 
word 7; 
word 8: 
word 9: 

word 10: 

word 14: 
word 16: 
word 17: 

word 18: 

b i t s  9--11 con+tain index of co~ulpotlent 3 
of t he  2-d q .  

b i t  8 i s  s e t  f o r  an  HKH o r  HHL p lane .  
b i t  7 i s  s e t  f o r  an  HKK p lane .  

TAG, 3 chazac t e r s  spec i fy ing  t h e  p lane  of 
t h e  2-d q i n  3  space.  

PSI1, STl+n/2-(cp 1 - C$J 2)  12.  
PSI2, sample t a b l e  angle  f o r  c a l i b r a t i o n  2. 
PHI1, t h e  2eS1 angle  f o r  c a l i b r a t i o n  1. 
PSI2, t h e  2QS2 angle  f o r  c a l i b r a t i o n  2. 
PHIO, (cP 1 - c p  2) 12.  
YSlO, 1-r/2-PHlu. 
Dhl, d.opacing f o r  t h e  c r y g t a l  i n  t h c  a n a l y c c ~  

f o r  d e t e c t o r  1. 
DM, d-opacing o f  t h e  o n a l y ~ e r  c r y o t a l  f o r  

d e t e c t o r  2 .  
DM, d-spacing of the  monochromator c r y s t a l .  
DEN, t h e  denominator f o r  a and b.  
ET$ t h e  5ngle between t h e  c a l i b r a t i o n  v e c t o r s  

G 1  and G2 . 
ANGO, t h e  ze ro  r e fe rence  ang le s  i n  o rde r  

20, t o  s. 
FILE 2: This  f i l e  con ra i a s  h a l f  of t he  semi-permanent d a t a  

which a r e  s t o r e d  as fol lows:  

word 1: 

word 8: 

word 15: 

word 16: 

word 17: 

word 18: 

word 19: 
word 21: 
word 23: 
word 25: 

ANCHI, the  high l i m i t  ang le s  f o r  t h e  angle  
c a l c u l a t i o n  i n  o rde r  2Bh2 t o  h. 

ANGLO, t h e  low l i m i t  angles  f o r  t h e  angle  
c a l c u l a t i o n  i n  o rde r  20, t o  %. + 

E l l ,  component 1 of c a l i b r a t i o n  v e c t o r  G1 
i n  2-space. + 

E12, component 2  of c a l i b r a t i o n  v e c t o r  G 
i n  2-space. 1 

+ 
E21, cumpuu~enL 1 ul: c a l i b r a ~ i o u i  vector G2 

i n  2-space. + 
E22, component 2  of c a l i b r a t i o n  v e c t o r  G2 

in 2-  pace, 
GI, magnitude of c a l i b r a t i o n  v e c t o r  1. 
G2, magnitude of c a l i b r a t i o n  v e c t o r  2 .  
LAMDA, c a l i b r a t i o n  wavelength. 
SIGN, b i t s  13/17 a r e  s e t  f o r  r i g h t  hand 

r o t a t i o n  from re fe rence  l i n e  f o r  angles  
2%, 2tlSl, 2€IA1, 2BS2, 2QA2 r e s p e c t i v e l y .  
B i t s  a r e  r e s e t  f o r  l e f t  hand r o t a t i o n .  



FILES 3/19: These f i l e s  con ta in  t h e  scan  d a t a  f o r  each of t h e  

scans t o  be run.  The p e r t i n e n t  scan  informat ion  w i l l  be l i s t e d  f o r  

each experiment s e p a r a t e l y .  

1. GENSCAN: 

word 1: 

word 2: 

word 3: 

word 4: 

word 5: 

word 6: 

word 7: 

word 8: 

word 14: 
word 15: 

word 17: 

NSTEP, b i t s  018 con ta in  t h e  number of s t e p s  
t o  be performed i n  t h e  scan.  

b i t s  9/17 con ta in  the  number of s t e p s  . 

completed i n  t h e  scan.  
The scan i s  considered complete i f  t h e  
two va lues  a r e  equa l .  

C, b i t  17 s e t  f o r  counting on d e t e c t o r  1. 
b i t  16 s e t  f o r  counting on d e t e c t o r  2. 

SCNTYP, b i t s  9/17 a r e  s e t  i f  corresponding 
angles  $ t o  2eA2 a r e  t o  be moved 
dur ing  the  scan.  

b i t  8  s e t  f o r  count ing on d e t e c t o r  1. 
b i t  7  s e t  f o r  count ing on d e t e c t o r  2. 

EOF; b i t  1 3  s e t  i f  count ing done on both 
d e t e c t o r s .  

b i t  12 s e t  f o r  l a s t  scan on d a t a  s e t .  
b i t s  018 con ta in  t h e  f i l e  number f o r  

t he  count d a t a .  
PT1, 1-scan moves two angles ,  1 d e t e c t o r .  

2-scan moves four  angles ,  2  d e t e c t o r s .  
3-scan moves one angle ,  1 d e t e c t o r ,  
4-scan moves two angles ,  2  d e t e c t o r s .  

BCKLSH, b i t s  9/17 con ta in  b i t s  s e t  f o r  
angles  not  backlashed dur ing  t h e  scan .  
B i t s  a r e  reset for backlash. 

OUTKEY, con ta ins  t h e  key f o r  t h e  output  
record  on the  count d a t a  s e t .  O r i g i n a l l y  
s e t  t o  s t a r t i n g  record  of f i r s t  scan .  

PRESET, the  counting i n t e r v a l ,  < O  i f  
count ing a g a i n s t  time, > O  i f  count ing 
a g a i n s t  monitor .  

PT, a r r a y  con ta in ing  the  i n d i c e s  of t h e  
angles  which move dur ing  t h e  scan .  Used 
fnr coordinat ing t e l e t y p e  o u t p u t .  

DUM, unused dummy parameter .  
STEP, a r r a y  con ta in ing  the  ang le  increments  

of t he  angles  being scanned. 
ANG, a r r a y  con ta in ing  t h e  i n i t i a l  angles  

of t he  scan.  



2.  DBLRCK 

'word 1: 

word 2: 

word 3:' 

word 4: 

word 5: 

word 6 :  

word 7: 

wntd 8 : 

word 10: 

word 11: 
word 12: 
word 13: 

NSTEP, b i t s  018 con ta in  number of s t e p s  
each s i d e  c e n t e r  angle  of second scan.  

b i t s  9/17 con ta in  number of s t e p s  each 
s i d e  c e n t e r  angle  f o r  f i r s t  scan .  

FILESTRT, con ta ins  t h e  s t a r t i n g  key of t h e  
count  d a t a  s e t  f i l e .  I n i t i a l l y  s e t  t o  
t h e  s t a r t i n g  key f o r  t he  f i r s t  scan.  

SCAN, b i t s  9/17 a r e  s e t  f o r  corresponding 
ang le s  !jM t o  2gA7 i f  ang le s  a r e  t o  move 
du r ing  scan .  
b i t  8 s e t  f o r  counting on d e t e c t o r  1. 
b i t  7 s e t  f o r  count ing on d e t e c t o r  2. 
b i t  5 oc t  i f  ocan 2 ceuglcd. 

EOF, b i t  14 s e t  i f  scan complete. 
b i t  12 s e t  f o r  t h e  l a s t  scan on d a t a  s e t .  
b i t  1 5  s e t  i f  scan  i n  p rog res s .  
b i t  16/17 con ta in  i t e r a t i o n  coun te r .  

It  i s  incremented whenever t h e  change i n  
t h e  c e n t e r  ang le  i s  l e s s  t han  t h e  
convergence c r i t e r i o n  f o r  t h a t  angle .  
It i s  s e t  t o  zero whenever t he  above i s  
no t  v a l i d .  The sample i s  considered 
centered  when t h e  counter  reaches  2. 

b i t s  018 c o n t a i n  the  count d a t a  s e t  f i l e .  
NOS, b i t s  9/17 con ta in  index of angle  1. 

b i t s  018 c o n t a i n  index o f  scan  angle 2. 
NO, c o n t a i a s  t he  key of t h e  c u r r e n t  record 

be ing  used on t h e  count d a t a  s e t .  
OUTKEY, con ta ins  t h e  key of t h e  c u r r e n t  

r eco rd  being used on t h e  count d a t a  s e t .  
MTTT,T, cnnta inq  t h e  rni.11 t ip!. i .er fsctor for 

scan  i f  quickscan.  The s t e p s i z e s  a r e  
m u l t i p l i e d  by t h i s  va lue  i f  t h e  scan 
seems t ~ o  narrow. 

ANGl,ANG2, a f t e r  s t a r t  of scan ,  ANGI i s  t h e  
c u r r e n t  va lue  of t h e  f i r s t  scan ang le  and 
AN62 i s  t h e  c u r r e n t  va lue  of t h e  second 
scan  angle .  

START, s e t  t o  va lue  of c u r r e n t  scan  number 
i n  t h e  doub1.e rock p a i r .  

CNV1, convergence c r i t e r i o n  f o r  scan  1. 
CNV2, convergence c r i t e r i o n  f o r  scan 2.  
BCKLSH, b i t s  9/17 s e t  f o r  corresponding 

ang le s  B N t o  2eA2 not  t o  be backlashed.  



word 14: PRESET, counting i n t e r v a l  of scan: < O  
f o r  count ing a g a i n s t  t ime.  >O f o r  
counting a g a i n s t  monitor .  
0  f o r  performing quickscan a t  every 
o t h e r  p o i n t  t o  determine counting 
i n t e r v a l  such t h a t  maximum counts  of 
spectrum i s  2000. 

word 15: STEP1, s t e p  s i z e  f o r  scan  1 of p a i r .  
word 16: STEP2, s t e p  s i z e  f o r  scan  2  of p a i r .  
word 17: ANG, a r r a y  con ta in ing  t h e  i n i t i a l  angles  

of t h e  scan.  

3.  QESCAN: 

word 1: 

word 2: 
word 3: 
word 4: 

word 5: 

word 6: 

word 7: 

word 8: 
word 10: 
word 12: 
word 14: 
word 16: 
word 1 7 :  
word 18: 
word 22: 
word 24: 

NSTEPS, b i t s  0-8 c o n t a i n  the  number of 
s t e p s  i n  t he  scan.  
b i t s  9-17 con ta in  t h e  number of s t e p s  

completed. These numbers a r e  equal  
when t h e , s c a n  i s  complete.  

SCAN, see  word 2  of f i l e  1. 
TAG, see  word 3 of f i l e  1. 
PRIN-EN, b i t  17 i s  s e t  f o r  count ing on 

d e t e c t o r  1. 
b i t  16 i s  s e t  f o r  count ing on d e t e c t o r  2. 
b i t  15 i s  s e t  f o r  f i xed  i n c i d e n t  energy.  
b i t  14 i s  s e t  f o r  f i x e d  s c a t t e r e d  energy.  
b i t . 1 3  i s  s e t  of both d e t e c t o r s  a r e  used.  
b i t  12 i s  s e t  f o r  l a s t  f i l e  on d a t a  s e t .  
b i t s  018 con ta in  the  f i l e  number f o r  t h e  

d a t a  on the  count  d a t a  set, .  
NC, b i t s  018 con ta in  t h e  number of counts  

taken a t  each angle  s e t t i n g .  
PRESET, count i n t e r v a l :  <O f o r  count 

a g a i n s t  time, >O f o r  count a g a i n s t  
monitor .  

KEY1, c u r r e n t  key f o r  count d a t a  s e t .  
I n i t i a l l y  s e t  t o  s t a r t i n g  key f o r  f i r s t  

scan on the  f i l e .  
4 

QP1, component 1 of p r i n ~ i p a l  q .  
DQ1, component 1 of t h e  q  incyment .  
QP2, component 2 of p r i n ~ i p a l  q .  
DQ2, component 2  of t h e  q increment ,  
NU, va lue  of the  i n e l a s t i c  phonon energy.  
DNU, increment of i n e l a s t i c  phonon energy.  
ENERGY, energy va lue  of t h e  fkxed energy.  
QW1,  component 1 of t h e  weak q. 
QW2, conlponent 2 o f  t he  weak q .  



SCANTEST: This  d a t a  s e t  i s  used when a  dummy angle  c a l c u l a t i o n  

i s  d e s i r e d .  Two cop ie s  of t h e  semi-permanent d a t a  a r e  maintained on 

t h i s  f i l e :  one i d e n t i c a l  t o  t h e  c u r r e n t  semi-permanent da t a ,  and 

one f o r  updat ing  f o r  a  given t e s t  run.  

F.ILE 0: This  f i l e  i s  no t  used.  

FILES 112: Semi-permanent d a t a  used by TESTQE. The cu r ren t  

semi-permanent d a t a  a r e  copied a t  t he  beginnlng of a  run.  Hence 

changes made t o  t he  semi-permanent d a t a  dur ing  t e s t  a r e  no t  en tered  

on to  t h e  d i s k .  

FILES 314: Copy of the  semi-permanent d a t a  changed only  

when semi-permanent d a t a  changed i n  f i l e  SCANIN us ing  t a s k  START. 

DUMPSPD dumps t h i s  copy of t h e  semi-permanent d a t a  when i t  i s  invoked. 

FILES 5 1 8 :  Scan f i l e s  f o r  t e s t  of q-e scan  angles .  

DATAOUT: Th i s  d a t a  s e t  c o n s i s t s  of v a r i a b l e  l eng th  f i l e s  

c o n s i s t i n g  o t  two word r eco rds .  The t i l e s  con ta in  t h e  to l lowing  

informat ion:  

FILE 0: Six c h a r a c t e r  s t r i n g  TRIAX t o  mark t h e  d i r e c t o r y  of 

t h e  d a t a  s e t .  This  a l lows  t a s k s  which can  access  t h i s  d a t a  s e t  t o  

determine which DATAOUT d a t a  s e t  they  a r e  process ing .  

FILE 1: Charac ter  s t r i n g  06 11 reco rds  con ta in ing  t h e  

alphanumerics used a s  t h e  scan t i t l e  f o r  p r i n t i n g  on t h e  t e l e t y p e ,  

FILE 2: Twenty r eco rds  con ta in ing  t h e  p a r t i a l  counts  f o r  

m u l t i p l e  counts  a t  one angle  s e t t i n g .  The f i r s t  t e n  r eco rds  a r e  

f o r  d e t e c t o r  1, and the  second t e n  r eco rds  a r e  f o r  d e t e c t o r  2 .  



When counting i s  complete, t h e s e  va lues  a r e  summed and en te red  i n t o  

t h e  count FILES. 

FILES 3 / N :  These a r e  t h e  count f i l e s  which con ta in  the  i n i t i a l  

scan  v a l u e s  a s  we l l  a s  the  t o t a l  counts  a t  each angle  s e t t i n g .  These 

f i l e s  a r e  v a r i a b l e  length .  Each f i l e  has a  p o i n t e r  which marks t h e  

s t a r t i n g  key of t h e  next  f i l e  on t h e  d a t a  s e t .  These f i l e s  d i f f e r  

s l i g h t l y  depending upon t h e  experiment being performed, bu t  d i f f e r e n t  

types  of count f i l e s  may be s to red  s imultaneously.  They a r e  descr ibed 

s e p a r a t e l y  below: 

1. Genscan: 

record 0: 
word 1: number of d e t e c t o r s  i n  use.  
word 2: p o i n t e r  f o r  s t a r t i n g  key on next  count f i l e .  

record  1: 
word 1: i n i t i a l  va lue  of scan ang le .  
word 2: increment of scan  angle .  

These angle  increments a r e  en tered  i n  o rde r  
from % t o  2QA2, but  a r e  not  s p e c i f i c a l l y  
marked. Only va lues  a r e  en tered  which a r e  
scanned. 

record  2: t h e  number of counts  a t  each angle 
s e t t i n g  a r e  s t o r e d  i n  f l o a t i n g  p o i n t  words, 
one va lue  per  record .  

2. Double Rock: 

record  0: 
word 1: 

wnrd 2: 

record 1: 
word 1: 
word 2: 

record  2: 

record  n+l: 
word 1: 
word 2: 

record  n+2: 

p o i n t e r  t o  key f o r  s t a r t  of second 
spectrum on t h e  f i l e .  

p o i n t e r  t o  key for s t a r t  of second 
spectrum of t he  f i l e .  

i n i t i a l  angle  of scan  1. 
angle  increment of scan 1. 
t h e  number of counts  a t  each 

angle s e t t i n g .  
i n i t i a l  ang le  of scan  2. 
i n i t i a l  angle  of scan  2. 
angle  increment of scan 2. 
t h e  number of counts  a t  each angle  

s e t t i n g .  



record  0: 
word 1: 

word 2: 

r eco rd  1: 
reco rd  4 :  

r eco rd  5: 
r eco rd  6 :  

r eco rd  11: 
reco rd  12: 
L.~]cuL'~ 13: 

t h e  number of d e t e c t o r s  s t o r e d  a s  
a negat ive  f ixed  number. 

t h e  p o i n t e r  t o  t he  key f o r  t he  
s t a r t  of t he  next  f i l e  on t h e  d a t a  s e t .  

components of t h e  p r i n c i p a l  q .  
v a l u e  of t he  phonon s c a t t e r i n g  

energy.  
-.) 

components of fhe weak q .  
increments of q .  
increment of t he  phonon energy.  
f i x e d  beam energy.  
L l ~ e  IIUIIIL~L u1: CUULILS i i L  each dllglt: 

s e t t i n g .  

ANGSTR: This  d a t a  s e t  c o n s i s t s  of  2 f i l e s ,  one of 15 records  

and one of 8 r e c o r d s .  Each record  i s  11 words long.  The f i r s t  

9 words c o n t a i n  t h e  ang le s  of t h e  scan, and the  l a s t  2 words con ta in  

t h e  f l o a t i n g  p o i n t  va lue  of t h e  phonon energy f o r  t he  second d e t e c t o r .  

The f i r s t  f i l e  i s  used by the  scan  t a sk ,  and the  second f i l e  i s  used 

by t h e  t e s t  t a s k  so  t h a t  they can  be executed s imul taneous ly .  

B. Finger  and Thumb Data S e t s  

These d a t a  s e t s  a r e  s e t  up s i m i l a r l y  t o  t h e  T r i p l e  Axis da t a  

s e t s .  Where t h e  f i l e s  a r e  i d e n t i c a l ,  r e f e rence  w i l l  be made t o  t h e  

corresponding i d e n t i f i c a t i o n  i n  t h e  above d a t a  s e t s .  The Finger  

and Thumb d a t a  s e t s  a r e  almost i d e n t i c a l  i n  makeup. Only t h e  Thumb 

d a t a  s e t s  w i l l  be l i s t e d  wi th  t h e  except ion  of when t h e  Finger  d a t a  

s e t s  d i f f e r .  I n  t h i s  case  t h e  F inger  f i l e  w i l l  be given below the 

Thumb f i l e .  



SCANIN : 

FILE 0: F i r s t  h a l f  of t e l e t y p e  heading. 

FILE 1: Second h a l f  of t e l e t y p e  heading. 

FILE 2: 

word 1: 
word 2: 
word 3: 
word 4: 
word 5: 
word 6: 
word 7: 
word 8: 
word 9: 

H1,  h-index f o r  c a l i b r a t i o n  one. 
K 1 ,  k-index f o r  c a l i b r a t i o n  two. 
L1, &-index f o r  c a l i b r a t i o n  one. 
H2, h-index f o r  c a l i b r a t i o n  two. 
K2, k-index f o r  c a l i b r a t i o n  two 
L2, &-index f o r  c a l i b r a t i o n  two. 
ST1, sample t a b l e  s e t t i n g  f o r  c a l i b r a t i o n  one. 
ST2, sample t a b l e  s e t t i n g  f o r  c a l i b r a t i o n  two. 
ETA, angle  between t h e  c a l i b r a t i o n  v e c t o r s .  

FILE 3: 

word 1 :  GA1, GA-arm s e t t i n g  f o r  c a l i b r a t i o n  one. 
word 2: GA2, GA-arm s e t t i n g  f o r  c a l i b r a t i o n  two. 
word 3: STLO, low l i m i t  angle  f o r  sample t a b l e .  
word 4: STHI, high l i m i t  angle  f o r  sample t a b l e .  
word 5: GALO, low l i m i t  angle  f o r  GA-arm. 
word 6: GAHI,  h igh l i m i t  angle  f o r  GA-arm. 
word 7: VALO, low l i m i t  angle  f o r  VA-arm. 
word 8: VAHI, h igh  l i m i t  angle  f o r  VA-arm. 
word 9: SIGN, s i g n  b i t s  f o r  GA and VA arms. 
Words 719 a r e  unused i n  Thumb. 

FILE 4: 

word 1: LAMCALC, t h e  c a l i b r a t i o n  wavelength. 
word 2: TAG, p lane  of t h e  scan.  
word 3: GAZ, z e ro  r e f e rence  angle  f o r  GA-arm. 
word 4: KO, c a l i b r a t i o n  momentum va lue .  
word 7: SNGA, s i g n  b i t  f o r  GA-arm. 

words 819: unused i n  Thumb. 

word 1: LAMCALC, c a l i b r a t i o n  wavelength. 
word 3: TAG. 
word 4: KO. 

. word 6: GAZ. 
word 7: VAZ, ze ro  r e f e rence  ang le  f o r  VA-arm. 
word 8: DA, d-spacing of ana lyze r  c r y s t a l .  



FILE 5: 

word I: GI, magnitude of c a l i b r a t i o n  v e c t o r  one. 
word 3: G2, magnitude of c a l i b r a t i o n  v e c t o r  two. 
word 5: D, denominator of p lane .  
word 5: E l l ,  u n i t  v e c t o r  one f o r  c a l i b r a t i o n  one. 
word 6: E12, u n i t  v e c t o r  two f o r  c a l i b r a t i o n  one. 
word 7: E21, u n i t  v e c t o r  one f o r  c a l i b r a t i o n  two. 
word 9: E22, u n i t  v e c t o r  two f o r  c a l i b r a t i o n  two. 

word 1: 
word 2: 

word 3: 

word 4 :  
word 5: 
word 6: 
word 7 :  
word 8: 
word 9: 

word 1: 

word 2: 
word 3: 
word 4: 
word 5: 
ward 6: 
word 7:  
word 8: 
wnrd 9;  

NSL, number of completed s t e p s  i n  scan.  
MS, t o t a l  numbcr of s t e p s  i n  t hc  scan .  

Scan i s  marked complete when NS=NSL. 
SCWT, blL 17 Is seL f u r  coupled GA stall; 

b i t  16 i s  s e t  f o r  uncoupled GA scan;  
b i t  15 i s  s e t  f o r  sample t a b l e  scan.  

DEL, sng lc  incrcmcnt . 
PRESET, counting i n t e r v a l .  
ST, c u r r e n t  sample t a b l e  ang le  s e t t i n g .  
GA, c u r r e n t  GA-arm angle  s e t t i n g .  
OUTKEY, key f o r  count d a t a  se t .  
EOF, b i t s  0112 con ta in  count f i l e  number; 

b i t  17 i s  s e t  f o r  l a s t  scan  f i l e .  

NS, b i t s  018 con ta in  t o t a l  number of 
s t e p s  i n  scan;  b i t s  9/17 con ta in  number 
of s t e p s  completed i n  scan .  

SCNT. 
UEL. 
PRESET. 
ST. 
GA. 
VA, cu r r e~ lL  a ~ l g l e  seLL111g ul: VA-arm.  
OUTKEY. 
EOP. 

2 .  Double Rock: Each scan i n  t h e  double rock  experiments 

r e q u i r e s  two r eco rds  of t he  scan f i l e .  



FILE 1: 

word 1: 
word 2: 
word 3: 

word 4: 
word 5: 
word 6: 
word 7: 
word 8: 
word 9: 

word 1: 

word 2: 
word 3: 
word 5: 
word 6: 
word 7: 
word 8: 
word 9: 

FINGER: 

word 1: 
word 2: 

word 3: 
word 4: 
word 5: 
word 6: 
word 7: 
word 8: 
word 9: 

KT, convergence counter .  
NS, number of s t e p s  l e f t  i n  scan.  
STYP, b i t  17 s e t  i f  uncoupled GA scan, 

r e s e t  i f  coupled GA scan;  b i t  16 s e t  i f  
cu r r en t  scan  i s  GA-arm, r e s e t  i f  c u r r e n t  scan 
i s  sample t a b l e  scan;  b i t  15 i s  s e t  i f  scan  i s  
i n  p rog res s ;  b i t  14 i s  s e t  i f  scan  i s  completed. 

ST, c u r r e n t  va lue  of sample t a b l e  angle .  
GA, c u r r e n t  va lue  of GA-arm s e t t i n g .  
STC, c e n t e r  angle  f o r  sample t a b l e  scan .  
GAC, c e n t e r  angle  f o r  GA-arm scan .  
OUTKEY. 
EOF . 
NSTEP, b i t s  018 con ta in  number of s t e p s  

f o r  sample t a b l e  scan;  b i t s  9/17 con ta in  
number of s t e p s  f o r  GA-arm scan .  

STRT, . s t a r t i n g  key of count f i l e  f o r  scan.  
MULT, m u l t i p l i e r  f o r  quickscan.  
DELST, ang le  increment f o r  sample t a b l e  scan.  
CON1, convergence c r i t e r i o n  f o r  sample t a b l e .  
DELGA, ang le  increment f o r  GA-arm scan.  
CON2, convergence c r i t e r i o n  f o r  GA-arm. 
PRESET. 

NS . 
STYF, a s  above; 

b i t s  718 con ta in  i t e r a t i o n  counter .  
ST. 
GA . 
VA, c u r r e n t  va lue  of VA-arm 
STC. 
GAC . 
OUTKEY. 
EOF . 

3 .  . Qescan: The f i l e s  i n  t h e  qescan experiments a l s o  

r e q u i r e  two r eco rds  pe r  scan .  

word 1: NSL. 
word 2: NS. 
word 3: TAG. 
word 4: NC, number of counts  a t  one s e t t i n g .  



word 5: KO, calibration momentum magnitude. 
word 7: NH, counts left to perform at one setting. 
word 8: KEY1, current value of count data set key. 
word 9: EOF. 

word 1: PREST, counting interxal. 
word 2: Q1 ,  component one of g of scan. 
word 4:  42, component two of q_pf scan. 
word 6: DQ1, component one of q+ increment. 
word 8: DQ2, component two of q increment. 

F LNGER: 

word 1: NS. 
word 2: NC, bits 018 contain number of counts per 

angle setting; bits 9/17 contain number of 
counts. performed at that setting 

word 3: TAG. 
word 4:  NU, phonon energy of inelastic scattering. 
word 6: DNU, phonon energy increment. 
word 7: KEY1. 
word 8: EOF. 
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