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ABSTRACT 

This manual provides the user with instructions for using the 

real time control system for the neutron scattering spectrometers: 

finger, thumb, and triple axis. The input requirements of the 
. . 

various programs are described in detail. Logging on procedures, 

program loading, and data set organization are also discussed. 
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I 1 

I.  User-System I n t e r a c t i o n s  

Communication wi th  t h e  PDP-15 system i s  by t e l e t y p e w r i t e r .  

Turning t h e  t e l e t y p e  t o  LINE a c t i v a t e s  it f o r  t h i s  communication t o  

t h e  PDP-15. For those  t e l e t y p e s  wi th  a b lack  box, swi tch ing  t h e  

togg le  switch from AUTO t o  ON a l s o  a c t i v a t e s  t h e  t e l e t y p e .  Af te r  

a l l  i npu t  has  been en tered ,  t h e  switch should be toggled back t o  

AUTO, s o  t h a t  it i s  a c t i v a t e d  only  dur ing  p r i n t i n g .  To i n i t i a t e  

a s e s s ion ,  a CONTROL A (SOM) i s  s t r u c k .  The CONTROL (CNTL) key i s  

t o  t h e  l e f t  of t h e  keyboard and i s  used t o  gene ra t e  non-pr in tab le  

ASCII c h a r a c t e r s  f o r  communication t o  t he  PBP-15.  The commonly 

used c h a r a c t e r s  a r e  shown i n  F igure  1. Af t e r  typ ing  (SOM) t h e  

computer responds .with REQ, I N Q  OR ZAP?. This  i s  how t h e  u s e r  . . -- 
ga ins  access  t o  t h e  procedures  he /she  d e s i r e s  t o  execute.  The 

responses t o .  t h i s  s ta tement  w i l l  be  d i scussed  s e p a r a t e l y .  See 

F igure  2 f o r  examples of t hese  uses .  

CONTROL A (SOM) Ac t iva t e s  log-on r o u t i n e s  i n  PDP-15 system. 

CONTROL D (EOT) S igna l s  end of t ransmiss ion ,  a l l  u s e r  
en t e red  l i n e s  must end wi th  EOT. 

CONTROL U (ERROR) Erases  t h e ' i n p u t  from t h e  l a s t  ques t ion  
mark. 

CONTROL F Erases  t h e  l a s t  c h a r a c t e r  of t h e  p re sen t  
i n p u t  l i n e .  Repeating N t imes e r a s e s  N 
cliaracter-s . 

CONTROL x Terminates t h e  ou tpu t  message. 

F igure  1. Te le typewr i t e r  c o n t r o l  c h a r a c t e r s .  



REQ Response: To i n i t i a t e  a s e t  of u s e r  procedures ,  t h e  

response t o  REQ, I N q  -- OR ZAP? i s  REQ. A t  t h i s  p o i n t  t h e  t e l e t y p e  

w i l l  type  t h e  s ta tement :  LIBRARY NAME(S)?. Here t h e  response  is  

t h e  l i b r a r y  i n  which t h e  procedures  a r e  s t o r e d .  L i b r a r i e s  may be 

conca tena ted  t o g e t h e r  by s e p a r a t i n g  each l i b r a r y  name w i t h  a 

per iod ,  e .g . ,  TRIAX.FINGER. The l i b r a r y  named UNIVERSAL i s  

au toma t i ca l l y  concatenated t o  t h e  l i b r a r i e s  e n t e r e d  and does no t  

need t o  be  e x p l i c i t l y  en t e r ed  by t h e  u s e r  u n l e s s  i t  i s  t o  be t h e  

on ly  l i b r a r y  accessed .  The LibtafieS are searched in che order 

given  i n  t h e  i npu t  l i s t .  I n  t he  example above TRIAX would f i r s t  be 

searched f o r  t h e  reques ted  procedure,  fol lowed by a s e a r c h  of  

FINGER i f  it was no t  found, and f i n a l l y  by a s ea rch  of UNIVERSAL. 

Af t e r  t h e ' r e q u e s t  f o r  t he  l i b r a r y  name has  been s a t i s f i e d ,  t h e  

t e l e t y p e  w i l l  p r i n t  t h e  query: USER TASK NAME?. The response  t o  --- 
t h i s  i s  t h e  main procedure which i s  t o  be  executed.  The t e l e t y p e  

t hen  p r i n t s  a l i n e  of  s t a r t  up in format ion .  The in fo rma t ion  

inc ludes  t h e  t ime and da t e ,  t h e  s t a r t i n g  add re s s  i n  core,  t h e  u s e r  

I . D . ,  and t h e  l i b r a r i e s  t o  bc searched f o r  programs. 

Upon t a s k  completion, t h e  system p r i n t s  t h e  message 

TASK START COMPLETED *-* CODE = ////#////# ADDRJ3SS = #####/# 

USER XU = !/I/!/!/ *-* 

Upon normal completion, t he  complet ion code w i l l  be 000000 o r  004000 

and END w i l l '  be p r i n t e d  a t  end of  l i n e .  ABEND i s  p r i n t e d  a t  t h e  end 



of t h e  l i n e  f o r  an abnormal end. The na tu re  of a n  abnormal end 

can be i d e n t i f i e d  by looking up the  completion code i n  t h e  ALECS 

language manual. 

%, -- OR ZAP? REQ (EOT) 

LIBRARY NAME(S)? TRIAX (EOT) 

USER TASK NAME? START (EOT) --- 
DATE/TIME --- TASK START @ 027400-2034 LIB(S): TRIAX 

DISPATCH 

a . )  Example of i n i t i a l  s t a r t  up us ing  REQ. Note t h e  c o r e  
address  27400 followed by t h e  u s e r  I . D . ,  2034. 

REQ, INQ -- OR ZAP? ZAP (EOT) 

TYPE I N  USER ID? 2034 (EOT) ---- 
b . )  Example of ZAP of t a s k  START. 

I N Q  Response: I f  the  u s e r  d e s i r e s  t o  communicate wi th  h i s  

procedures ,  he may do t h i s  by us ing  t h e  i n q u i r y  mode. To do t h i s  

he /she  responds I N Q  t o  t h e  REQ, I N Q  OR ZAP? r e q u e s t .  The t e l e t y p e  -- 
answers TYPE I N  USER I. D.  . The nunlber reques ted  i s  t h e  number the  ---- 
system ass igned  t h e  program dur ing  the  o r i g i n a l  REQ. A t  t h i s  po in t  

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  ON ATTENTION block of t h e  main 

procedure.  I f  no ON ATTENTION block  i s  t he re ,  t hen  t h e  r e q u e s t  i s  

ignored.  The ON ATTENTION.block may a l low u s e r  i n t e r a c t i o n  wi th  

his procedures  when they  a r e  be ing  executed, . 



ZAP Response: The f i n a l  response i s  ZAP. This  a l lows  t h e  

u s e r  t o  te rmina te  any t a s k  c u r r e n t l y  i n  co re .  Af te r  t h e  u s e r  

responds ZAP, t h e  t e l e t y p e  responds wi th  ---- TYPE I N  USER I.D.? a s  

before .  The u s e r  responds wi th  the  USER I . D .  a ss igned  by the  system 

t o  t h e  t a s k  he/she wishes t o  ZAP. Two remarks must be made: 

1 . )  Usual ly a t a s k  must be zapped a t  a t e l e t y p e  d i f f e r e n t  t han  t h e  

one from which t h e  t a s k  was i n i t i a t e d , .  2 . )  I f  t h e  t a s k  i s  wai t ing  

f o r  input ,  an  (EOT) must be en t e red  on t h e  o r i g i n a l  t e l e t y p e  before  

the task w i l l  bc removed from core. 

. 11. Experiment S t a r t  Up 

I n  t h i s  s ec t ion ,  t h e  procedure f o r  i n i t i a t i n g  an  experiment 

w i l l  be descr ibed .  The i n i t i a l  s t a r t  up procedure i s  t h e  same for  

each spec t rometer ;  hence they  w i l l  be descr ibed  c o l l e c t i v e l y  below. 

Af t e r  a REQ response f o r  a program load,  t h e  u s e r  responds 

FINGER, THUMB, o r  TRIAX depending upon which spec t rometer  he / she  i s  

us ing .  The t a s k  which d r i v e s  each spectrometer  i s  START. Two o the r  

i n i t i a l  t a s k s  a r e  a v a i l a b l e :  RESTART, which r e s t a r t s  t h e  experiment 

a t  t h e -  p o i n t  a t  which it was i n t e r r u p t e d ;  and UPDATE, which al lows 

u s e r  c o n t r o l  of t he  scan f i l e .  RESTART w i l l  be desc r ibed  below, 

.while UPDATE w i l l  be descr ibed  i n  Sec t ion  V.  START i s  used t o  input  

t h e  scans t o  be executed and r e q u i r e s  i n p u t  of t h e  scans  which w i l l  be 

executed.  'l'he 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  the  common inpu t  

t o  START. 



Af te r  c a l l i n g  START, t h e  t e l e t y p e  p r i n t s  CHANGE - TITLE--YES --- OR NO?.* 

I f  t h e  u s e r  d e s i r e s  t o  change the  t i t l e ,  which i s  s t o r e d  on d i s k  and 

p r i n t e d  a t  the  top  of each scan, he /she  responds YES. The d e s i r e d  t i t l e  

i s  then  en te red .  This  t i t l e  c o n s i s t s  of 56 ( f inger l thumb)  o r  69 ( t r i a x )  

alphanumeric c h a r a c t e r s .  A response of NO o r  (EOT) r e t a i n s  t h e  t i t l e  

c u r r e n t l y  s t o r e d  on d i s k .  

For t h e  t r i a x  spectrometer  a lone,  t h e  t e l e t y p e  responds 

FIX ANGLES--YES OR NO. This i s  t o  a l low c e r t a i n  ang le s  t o  remain - --- 
s t a t i o n a r y  throughout t he  scans .  The c o n t r o l  word which marks those 

angles  which a r e  no t  t o  be moved i s  s to red  on d i s k .  Thus, t h e  use r  

needs only  t o  s e t  t h i s  word when he / she  d e s i r e s  t o  change i t .  'Lo s e t  

t h i s  c o n t r o l  word, t he  u s e r  responds YES; then  he /she  e n t e r s  ' 0 '  f o r  

ang le s  which a r e  t o  be backlashed and/or  scanned, '1' f o r  any angle  

which i s  never t o  be moved. The o r d e r  of e n t r y  i s  %, 2%, 1, (4, BAl, 

2QA1, cp2, QA2, 2eA2. The u s e r  e n t e r s  NO o r  (EOT) i f  t h i s  c o n t r o l  word 

i s .  not  t o  be changed. 

The t e l e t y p e  next  responds STARTING FILE?. This  r e q u e s t  a l lows t h e  

u s e r  c o n t r o l  of t h e  f i l e  upon which t o  begin  s t o r i n g  t h e  count d a t a  

(Appendix E).  Thus, d a t a  c u r r e n t l y  s t o r e d  on t h e  count d a t a  s e t  can  be 

preserved  f o r  l a t e r  use .  I f  u s e r  e n t e r s  3  say, t h e  f i r s t  2  d a t a  f i l e s  

a r e  saved. The d a t a  f o r  t h e  f i r s t  scan i s  then  s t o r e d  i n  f i l e  3, t he  

r e s t  of t h e  scans  fol lowing i n  o r d e r .  The u s e r  may no t  e n t e r  a  s t a r t i n g  

t k A l l  r e q u e s t s  r e q u i r i n g  a  yes  o r  no response w i l l  p r i n t  yes  o r  

no a s  p a r t  of t h e  r e q u e s t ;  otherwise,  a  numerical  response i s  necessary.  



scan  number g r e a t e r  t he  r t t l  where n  i s  t h e  l a s t  f i l e  c u r r e n t l y  s to red .  

I f  he / she  does so,  t h e  t a s k  w i l l  abend wi th  a  completion code 000013, 

i . e . ,  t h e  end of t h e  d a t a  s e t  was encountered.  

Now t h e  t e l e t y p e  responds GENSCAN, DBLRCK, OR QESCAN?. The u s e r  -- - 
e n t e r s  t h e  type of scan he / she  d e s i r e s  t o  perform. Only t h e  f i r s t  

t h r e e  c h a r a c t e r s  a r e  necessary,  a l though a l l  w i l l  be accepted .  The 

program w i l l  now branch t o  t h e  proper  i n p u t  r o u t i n e  f o r  t h e ' d e s i r e d  

scan.  See F igure  3 f o r  an example of t h e  s t a r t  procedure, ,  

When e n t e r i n g  scan  da t a ,  t h e  u s e r  may a c c i d e n t l y  e n t e r  an  improper 

c h a r a c t e r .  T h j s  causes  a convers ion  e r r o r  which i s  t rapped  by the  

program. When t h i s  happens, t h e  t e l e t y p e  p r i n t s  REPEAT. The u s e r  then  

e n t e r s  t h e  l i n e  number he / she  wishes t o  r e p e a t ,  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 a t  l i n e .  These l i n e s  a r e  i d e n t i f i e d  by t h e  numbers p r i n t e d  on t h e  

extreme l e f t  of each i n p u t  l i n e .  I f  no l i n e  numbers appear ,  then c o n t r o l  

i s  au toma t i ca l l y  r e tu rned  t o  t h e  beginning of  t h e  i npu t . *  

Each s e p a r a t e  scan  i s  i d e n t i f i e d  by a  scan  number. The f i r s t  s can  

i s  always SCAN 1. -- SCAN I i s  typed be fo re  t h e  ith i n p u t  scan  i s  en t e r ed  

s o  t h a t  t h e  u s e r  may r e a d i l y  i d e n t i f y  where he /she  i s .  The number of 

scans  which can be e n t e r e d  i s  l i m i t e d  by t h e  s i z e  of  t h e  d a t a  s e t  

(F igure  4 ) .  When t h i s  number i s  exceeded, the  t e l e t y p e  types  -- PILE FULL. 

The inpu t  program i s  then  e x i t e d .  

*The u s e r  can gene ra t e  a  conversion e r r o r  i f  he / she  d e s i r e s  t o  

c o r r e c t  an e r r o r  i n  t h e  d a t a  a l r e a d y  e n t e r e d .  



When the l a s t  scan has  been en tered ,  t h e  t e l e t y p e  p r i n t s  - LAST 

SCAN N where N i s  t h e  scan  number appearing 'above t h e  l a s t  e n t r y .  -- 
This  i s  followed by the  r eques t  CHANGE -- OR ADD?. I f  t h e  u s e r  d e s i r e s  

t o  change any scan on the  d a t a  s e t ,  he e n t e r s  i t s  corresponding scan 

REQ, INQ OR ZAP? REQ (EOT) -- 
LIBRARY NAME ( S ) ?  TRIAX (EOT) 

USER TASK NAME? START (EOT) --- 
DATEITME --- TASK START @ 0 2 7 4 0 0 * 2 0 3 4  L I B ( S ) :  TRIAX 

DISPATCH 

CHANGE TITLE--YES OR NO? YES (EOT) - --- 
FIX ANGLaES--YES OR NO? YES (EOT) ? 1 (EOT) ? 1 (EOT) - --- 
? 0 (EOT) ? 0 (EOT) ? 0 (EOT) ? 0 (EOT) ? 1 (EOT) 
? 1 (EOT) ? 1 (EOT) 

THIS I S  A SAMPLE OF INPUT FOR START. (EOT) 

STARTING FILE?  2 (EOT) - 
GENSCAN, DBLROCK, - OR QESCAN? GENSCAN (EOT) 

F igure  3 .  Example showing i n i t i a t i o n  of  procedure START f i x i n g  
angles  k, 2%, rp2, OA2, and 20A2 throughout t h e  scan  
and s t o r i n g  d a t a  s t a r t i n g  wi th  f i l e  2 .  

number, I. The program accep t s  new i n p u t  d a t a  f o r  t h i s  scan  only. 

The u s e r  may add scans  t o  t h e  end of t h e  d a t a  s e t  by e n t e r i n g  the number 

N+1.  This a l lows the  u s e r  t o  add scans u n t i l  he /she  t e rmina te s  t h e  

inpu t  program normally. To s t a r t  t h e  experiment,  t h e  u s e r  e n t e r s  a  0 o r  

(EOT) t o  t he  CHANGE -- OR ADD r e q u e s t .  



A s  each scan  i s  performed, t h e  t e l e t y p e  p r i n t s  t h e  scan  t i t l e  

followed by - FILE I. Here i i s  the  number o f  t he  f i l e  on t he  count 

d a t a  s e t  (Appendix E) .  I f  t h e  u s e r  wishes t o  acces s  t h i s  spectrum 

from one of t h e  u t i l i t i e s ,  he  e n t e r s  t h e  a p p r o p r i a t e  f i l e  number when 

r eques t ed .  

The t e l e t y p e  a l s o  p r i n t s  i n i t i a l  scan d a t a .  The spectrum is  

p r i n t e d  wi th  t h e  a s s o c i a t e d  key number f o r  t h e  count f i l e  and the  

non-preset  count ing  i n t e r v a l .  The key marks t h e  l o c a t i o n  of t h e  d a t a  

p o i n t  on t h e  count d a t a  s e t .  The maximum key v a l u e  which can  be 

s t o r e d  i s  c u r r e n t l y  1280. 

D i r e c t o r y  

Program 

s t e p s c a n  

doublerock 

q ( e )  - scan  

Thumb Finger  Tr i a x  

50 5 0 17 

5 0 5 0 17 

25 25 17 

F igure  4 .  Maximum number of scan  f i l e s  on each d a t a  s e t .  

I f  t h e  program i s  s topped f o r  any reason,  t h e  u s e r  can cont inue  

from t h e  p o i n t  of  i n t e r r u p t i o n  by c a l l i n g  program RESTART r a t h e r  than  

START. RESTART has  no i n p u t  da t a ,  bu t  i t  r eads  t h e  s can  d a t a  s e t  t o  

s e e  where t h e  s can  was te rmina ted .  The program then  r e s t a r t s  the  

experiment at Lhat yulllt. 

Each spec t rometer  ha s  a  b u t t o n  f o r  s topping  t h e  s can  immediately. 

For  a l l  spec t rometers ,  t h e  s can  i s  immediately stopped i f  i t  i s  i n  



prog re s s .  I f  programs a r e  computing between scans,  i t  i s  b e t t e r  t o  

zap t h e  program r a t h e r  t han  s t o p  t h e  program wi th  t h e  dump but ton .  

For  t h e  doublerock experiment,  pushing t h e  dump b u t t o n  causes  the  
I 

c u r r e n t  scan  t o  t e rmina t e .  The program then  procedes t o  t he  mean 

c a l c u l a t l o n .  ~ o u b l e r o c k s  must be zapped t o  s t o p  t h e  programs. 

111. T r i p l e  Axis Spectrometer  

This  s e c t i o n  d e s c r i b e s  t h e  i n p u t  r equ i r ed  f o r  scans  on t h e  t r i p l e  

a x i s  spec t rometer  ( t r i a x ) .  The t h r e e  p o s s i b l e  scan  types,  GENSCAN, 

DBLRCK, o r  QESCAN, w i l l  be d i s cus sed  s e p a r a t e l y  below. A l l  angle  

r e l a t e d  i npu t  i s  i n  t h e  o rde r :  monochromator, %; drum, 2%; sample 

t a b l e ,  Y; G-arm 1, 2eS1; ana lyze r  c r y s t a l  1, OA1 ; V-arm 1, 2OA1; 

G-arm 2, 2Os2; ana lyze r  c r y s t a l  2, eA2; V-arm 2, ' ~ 2 .  

A. GENSCAN 

GENSCAN i s  a  s e t  of programs which s t e p s  s e l e c t e d  ang le s  by a  

c o n s t a n t . s t e p s i z e .  Upon e n t r y  t h e  t e l e t y p e  p r i n t s  TYPE END TO EXIT. 

This  i s  t h e  i n p u t  t e rmina t ion  command. The t e l e t y p e  next  p r i n t s  

SCAN 1. Next I - -?  i s  p r i n t e d  and t h e  program i s  ready  f o r  input .  

The e n t r y  on l i n e  1 i s  t h e  scan  type s p e c i f i e d  by a  t h r e e  

c h a r a c t e r  code. The f i r s t  c h a r a c t e r  i s  a  2  i f  8-28 ang l lng  i s  

t o  be performed. The increment  f o r  t h e  % ang l ing  scan  must be  the  

8  a n g l e .  The second c h a r a c t e r  s p e c i f i e s  t h e  28 a n g l e  when % angl ing .  

The f i r s t  and second c h a r a c t e r s  s p e c i f y  t h e  scan  a n g l e  when t h e r e  i s  



no ang l ing .  The t h i r d  c h a r a c t e r  s p e c i f i e s  t h e  d e t e c t o r ( s )  and i s  

e i t h e r  1, 2, o r  B. The u s e r  responds wi th  one of  t h e  t h r e e  

c h a r a c t e r  codes from Figure  5 .  

Next t h e  t e l e t y p e  p r i n t s  - 2--? r e q u e s t i n g  t h e  s t e p s i z e ,  t h e  number 

o f . s t e p s  on each s i d e  of  t h e  cen t e r ,  and t h e  p r e s e t  va lue .  The p r e s e t  

va lue  i s  nega t ive  f o r  count ing a g a i n s t  t ime and p o s i t i v e  f o r  count ing 

a g a i n s t  monitor .  F i n a l l y  t h e  t e l e t y p e  p r i n t s  - 3--? r e q u e s t i n g  the  

c e n t e r  ang le  of  t h e  scan  f o r  each angle  which moves, and t h e  proper  

p o s i t i o n  fo f  each ang ie  whlch does no t  move. A n  Input  of  ze ro  fof  Bn 

ang le  va lue  u se s  i t s  c u r r e n t  p o s i t i o n ;  however, t h e  ang le  w i l l  be 

backlashed u n l e s s  i t s  corresponding FIX word b i t  i s  1. I f  0  i s  t h e  

d e s i r e d  ang le  va lue ,  t h e  u s e r  must e n t e r  360. 



Type o f  Scan Code 

112 Angle 

1st C h a r a c t e r  S p e c i f i e s  8 - 28 Act ion  
2nd C h a r a c t e r  S p e c i f i e s  28  
3 r d  C h a r a c t e r  S p e c i f i e s  D e t e c t o r  

Code 1st Angle D e t e c t o r  - 2nd Angle 

2G1 Sample Tab le  (Y) G-Arm 1 (v1) 1 
2G2 Sample Tab le  (Y) G - A r m  2 (~92)  2 
2D1 Monochromator (%I) Drum (2 1 
2D2 Monochromator (%I) Drum (2%) 2 
2V1 Analyzer  X t a l  (BAl) V-Arm 1 (2eA1> 1 
2V2 Analyzer  X t a l  (flu) V-Arm 2 (2eA2) 2 
~ V H  both OA1, OA2 BuLh 2eA1, aA2 I,* 

No 112 Angle 

1st and 2nd C h a r a c t e r s  S p e c i f y  Scanning Angle 
3 rd  C h a r a c t e r  S p e c i f i e s  D e t e c t o r  

Code Angle D e t e c t o r  - 
G A 1  
GA2 
GAB 
ST1 
S T2 
M N 1  
MN2 
DM 1 
D M ~  
AX1 
AX2 
AXB 
V A 1  
vA2 
VAB 

G-Arm 1 
G-Arm 2 
Both cpl and cp2 
Sample Tab le  
Sample Tab le  
Monochromator 
Monochromator 
Drum 
Drum 
Analyzer  X t a l  
Analyzer  X t a l  
Both 0 ~ 1 7  8 s  
V-Arm 1 
v-Arm 2 
Both 2QA1, 2OA2 

F i g u r e  5 .  Scan t y p e s  f o r  GENSCAN. 



The u s e r  e n t e r s  END as '  t h e  scantype t o  t e rmina t e  t h e  i n p u t .  

The program then  asks  f o r  c o r r e c t i o n s ,  and e i t h e r  updates  t h e  scan 

d a t a  s e t  o r  s t a r t s  t h e  scan ( s ee  F igure  6 ) .  

GENSCAN, DBLRCK, OR QESCAN? GEN (EOT) -- - 
TYPE END TO E X I T  ---- 
SCAN 1 -- 

I - -?  MN1 (EOT)  - 
2- -?  . 0 2  (EOT)  ? 2 5  (EOT) ? -10 (EOT) - 
3--? . 116 (EOT)  ? 4 1 . 8 7  (EOT) ? 0 (EOT) ? 0 (EOT) - 
? 0 (EOT) ? 0 (EOT)  ? 0 (EOT) ? 0 (EOT) ? 0 (EOT) 

SCAN 2 -- 

I - - ?  ENL) (EO'I') LAST SCAN 1 - --- 

CHANGE OR ADD? (EOT)  -- 

Figure  6 .  Example showing genscan t o  s t e p  angle  . 0 2  degree  s t e p s  
about 116 degrees  wi th  2 %  4 1 . 8 7  eg rees .  A l l  o t h e r  ang le s  
remain a t  c u r r e n t  p o s i t i o n s .  I f  t h e  u s e r  noted a n  e r r o r  o r  
wished t o  add a scan, he / she  would have responded 1 o r  2 
t o  t h e  CHANGE OR ADD r e q u e s t .  The program would t hen  r e t u r n  -- 
t o  t h e  i npu t  r o u t i n e .  

B. DBLRCK 

DBLRCK i s  a set of procedures  which performs two s t e p  scans  

consecu t ive ly  i n  o r d e r  t o  maximize t h e  peak of each scan .  This  is  

cont inued,  a l t e r n a t i n g  scans,  u n t i l  t h e  change i n  t h e  weighted mean 

of each spectrum i s  l e s s  than a predetermined va lue  f o r  two success ive  

s cans .  



The t e l e t y p e  p r i n t s  TYPE END TO EXIT. Next t h e  t e l e t y p e  p r i n t s  ---- 
SCAN 1 followed by h?. The u s e r  then  e n t e r s  t h e  d e s i r e d  3 c h a r a c t e r  

scantype ( s ee  F igure  7 ) .  The f i r s t  c h a r a c t e r  i s  1 i f  t h e  doublerock 

a n g l e s  a r e  uncoupled, o r  2  i f  t h e  f i r s t  scan  ang le  i s  s tepped by 812 

when t h e  second angle  i s  s tepped by 8. The second c h a r a c t e r  i n d i c a t e s  

t h e  f i r s t  ang le  of t h e  doublerock: M f o r  monochromator, A f o r  ana lyzer  

c r y s t a l ,  o r  S- f o r  sample t a b l e .  The t h i r d  c h a r a c t e r  i s  1 f o r  count ing 

on d e t e c t o r  1 o r  2 f o r  count ing  on d e t e c t o r  2.  

Next t he  t e l e t y p e  p r i n t s  - 2- -P .  The u s e r  e n t e r s  t h e  scan 

m u l t i p l i e r ,  t h e  count ing  i n t e r v a l  p r e s e t  va lue ,  and t h e  s t a r t i n g  scan .  

The m u l t i p l i e r  i s  a  f a c t o r  which m u l t i p l i e s  t h e  s t e p s i z e  of  scan  1 

i f  t h e  scan  " lookst t  t o o  narrow when doing a  qu ickscan .  This  i s  

determined by comparing t h e  i n i t i a l  scan  count and t h e  f i n a l  scan 

count t o  s e e  i f  t hey  a r e  reasonably  c l o s e  t o g e t h e r .  The p r e s e t  va lue  

i s  nega t ive  t o  count agai .nst  t ime and p o s i t i v e  t o  count  a g a i n s t  monitor .  

I f  p r e s e t  i s  0, then a  p re l imina ry  quickscan .is performed a t  every 

o t h e r  scan  p o i n t .  The p r e s e t  i s  then ad jus t ed  s o  t h a t  t h e  maximum of t h e  

scan  i s  2000 coun t s .  S t a r t  i s  1 i f  t h e  doublerock i s  t o  s t a r t  with 

t h e  f i r s t  scan  angle ,  o r  2  i f  t h e  second ang le  i s  t h e  s t a r t i n g  scan. 

The t e l e t y p e  t hen  responds - 3 - - ? .  The u s e r  e n t e r s  t h e  s t e p s i z e ,  

t h e  convergence c r i t e r i o n ,  and number of s t e p s  on each s i d e  of the  

c e n t e r  ang le .  These q u a n t i t i e s  a r e  e n t e r e d  f o r  s can  angle '  1 and 

then  f o r  scan  ang le  2  r e s p e c t i v e l y .  The convergence c r i t e r i o n  is  



Type o f  Scan Code 

1st C h a r a c t e r  S p e c i f i e s  Independent  Angles o r  112 Angling 
2nd C h a r a c t e r  S p e c i f i e s  9 o f  8 - 20 P a i r  
3 r d  C h a r a c t e r  S p e c i f i e s  D e t e c t o r  

Independent  Angles 

Code 1st Angle - 2nd ,Angle D e t e c t o r  

I S 1  Sample Tab le  ( y) G - A r m 1  (rpl) 1 
1S2 Sample Table  ( Y )  G-Arm 2 (w) 2 
1 M 1  Monochromator ( 8,) Drum (2%) 1 
1M2 Monochromator (Ek) D r u m  (2  2 
1 A l  Analyzer  C r y s t a l  ( e ~ l )  V-Arm 1 (2gA1) 

1 
1A2 Analyzer  C r y s t a l  (Om) V-Arm 2 (20A2) 2 

Dependent Angles 

Scan 1: 1st Angle Moves dB1, 2nd Angle Does Not Move 
Scan 2: 1st Angle Moves A02/2, 2nd Angle Moves he2 

Code 1st Angle - 2nd Angle - D e t e c t o r  

2S1 Sample Tab le  (y) G - A r m  1 (v l )  1 
2S2 Sample Tab le  (y) G-Arm2 (v2)  2 
2M1 Monochromator < 9,) Drum (2%)  1 
2M2 Monochromator 

( 9 4 )  
Drum (2%) 2 

2A1 Analyzer  C r y s t a l  
( 'AI 

V - ~ m  1 (2gA1) 1 
2A2 Analyzer  C r y s t a l  (BA2) V-Arm 2 (2BA2) 

F i g u r e  7. Scan types for DOUBLEROCK. 



t h e  maximum increment t h e  mean can change from one scan on the  same 

angle  t o  another  such t h a t  t h e  c r y s t a l  i s  considered cen te red .  When 

both scans s a t i s f y  t h e i r  r e s p e c t i v e  convergence c r i t e r i a  consecut ive ly ,  

t h e  c r y s t a l  i s  considered cen te red .  

F i n a l l y  t h e  t e l e t y p e  p r i n t s  4- -? .  The u s e r  then  e n t e r s  t h e  

c e n t e r  angle  v a l u e s  a s  descr ibed  above. Again a 0 e n t r y  uses  t he  

c u r r e n t  angle  s e t t i n g ,  and 360 i s  r equ i r ed  f o r  a 0 s e t t i n g  ( s e e  

F igure  8 f o r  a sample i n p u t ) .  

Each data ' f i l e  f ~ r  a d6ublerock c o n c a ~ n s  two speclra.  Tl~r 

spectrum f o r  t h e  f i r s t  angle  of t he  doublerock i s  followed by the  

spectrum f o r  t he  second angle  of t h e  doublerock. As  t h e  scans  a r e  

repea ted ,  the'  new s p e c t r a  a r e  s t o r e d  on top  of t h e  o l d  s p e c t r a .  

Af t e r  each scan  i s  complete, t h e  program searches  f o r  t h e  back- 

ground on each' s i d e  of t h e  spectrum. The key numbers marking the 

background and t h e  key numbers marking the  peak a r e  p r i n t e d .  The 

curve i s  then  co r rec t ed  f o r  t he  background by s u b t r a c t i n g  a s t r a i g h t  

l i n e  from the  spectrum. F i n a l l y  t h e  a r e a  is  computed by both a Simpson's 

r u l e  c a l c u l a t i o n  a s  we l l  a s  a d i r e c t  sum of t h e  counts .  The weighted 

mean is  then  c a l c u l a t e d .  These v a l u e s  a r e  a l l  p r i n t e d  on t h e  t e l e type .  



GENSCAN, DBLROCK, OR - QESCAN? DBL (EOT) 

TYPE END TO EXIT ---- 
SCAN 1 -- 
I - - ?  2S1 (EOT) - 
2--? 1 . 0  (EOT) ? 10 (EOT) ? 1 (EO'I') - 
3--? .02 (EOT) ? .03  (EOT) ? 10 (EOT) - 
? .04 (EOT) ? .01 (EOT) ? 10 (EOT) 

4--? 0 (EOT) ? 0 (EOT) ? 207 (EOT) ? 248 (EOT - 
? 0 (EOT) ? 0 (EOT) ? 0 (EOT) ? 0 (EOT) ? 0 (EOT) 

I--?  END (EOT) LAST SCAN I. - --- 
CHANGE OR ADD? (EOT) -- 

Figure  8. Example showing t h e  double  rocking  of t h e  sample t a b l e ,  
Y ,  and G-Arm 1, 2QS1; when 20  s t e p s  by A 8, Y advances 
by A 8 12.  

S 1 

C .  QESCAN 

QESCAN i s  a s e t  of  procedures  which performs a s t e p  scan  i n  

momentum (q )  space, energy (v )  space,  o r  bo th  s imul taneous ly .  The 

procedurcs  compute t h e  proper  ang le s  from t h e  d e s i r e d  q and v 

v a l u e s  and d r i v e  t h e  ang le s  t o  t hose  p o s i t i o n s .  S ince  c a l i b r a t i o n  

d a t a  a r e  r equ i r ed ,  both semi-permanent d a t a ,  i . e . ,  t h e  c a l i b r a t i o n  

d a t a  which a r e  no t  n e c e s s a r i l y  changed w i t h  each scan, and scan  d a t a  

a r e  r eques t ed .  

Af t e r  e n t r y  i n t o  QESCAN inpu t ,  t h e  t e l e t y p e  p r i n t s  NAMES 

WRITTEN--YES --- OR NO?. The u s e r  responds YES i f  he / she  d e s i r e s  a 



d e s c r i p t i o n  of  each inpu t  l i n e  of t h e  semi-permanent d a t a  and/or  

t h e  scan  d a t a .  Otherwise he / she  e n t e r s  NO o r  (EOT). N e x t , t h e  t e l e t y p e  

p r i n t s  ENTER 0 FOR PSI 1-7 FOR SPD 8 FOR SCAN?. The u s e r  e n t e r s  0 - - - - J  - - -9 - - - 
i f  he / she  d e s i r e s  t o  change t h e  Y c a l i b r a t i o n  ang le s ;  1-7 t o  start  on 

t h e  r e s p e c t i v e  i n p i t  l i n e  of t h e  semi-permanent d a t a ;  o r ' 8  i f  no 

semi-permanent d a t a  a r e  t o  be  en t e r ed .  

Below i s  a  l i s t  of t h e  i n p u t s  f o r  l i n e s  1-7 of t h e  semi-permanent 

d a t a .  A t  t h e  end of  each l i n e ,  t h e  t e l e t y p e  r e q u e s t s  t h e  next  d e s i r e d  

i npu t  lirie? 'rhe user can respond wieti che line number desired or 

an (EOT) f o r  t h e  next  l i n e .  

1. Semi-permanent d a t a  

1. The t e l e t y p e  p r i n t s  h? o r  1--CALIBRATION I ? .  
The u s e r  responds wi th  H,K,L i n d i c e s ,  2, 
and 28 f o r  c a l i b r a t i o n  1. 

-S1 

2. The t e l e t y p e  p r i n t s  - 2--? o r  2--CALIBRATION 2?.  
The u s e r  responds wi th  H,K,L i n d i c e s ,  2, 
and LOS1 f o r  c a l i b r a t i o n  2. 

3 .  The t e l e t y p e  p r i n t s  - 3--?  o r  3--LATTICE SPACINGS?. 
The u s e r  e n t e r s  t h e  l a t t i c e  d-spacings f o r  t h e  
monchromator, ana lyze r  1, and ana lyze r  2 c r y s t a l s '  
i n  o r d e r .  

4 .  The t e l e t y p e  p r i n t s  - 4--? o r  4--ZERO REFERENCE 
ANGLES?. The u s e r  e n t e r s  t h e  ze ro  r e f e r e n c e  
ang le s  i n  t h e  fo l lowing  o rde r :  %, 2%, cpl, BAl, 
28Al, v,, 28A2' 

.*After l i n e  7, t h e  program au toma t i ca l l y  . e n t e r s  t h e  i n p u t  
i 

r o u t i n e  f o r . t h e  scan  d a t a .  



5. The t e l e t y p e  p r i n t s  - 5--? o r  5--LOW,HIGH LIMIT ANGLES?. 
The u s e r  e n t e r s  t h e  l o w / h i ~ h  l i m i t  ang l e s  i n  ordered  
p a i r s  i n  t h e  fo l lowing  order :  %, 20M, Y, 2eS1, 2eA1, 
2 e s 2 9  20A2' 

6 .  The t e l e t y p e  p r i n t s  - 6--? o r  6--ANGLE SIGNS?. 
The u s e r  e n t e r s  "1" f o r  p o s i t i v e  sense  of  angle ,  
o r  "0" f o r  nega t ive  sense  of  ang le  f o r  2 
2eA1, 2es2, 2eM i n  o rde r .  %' 2e~1 '  

7. The t e l e t y p e  p r i n t s  - 7--? o r  7--CALIBRATION WAVELENGTH?. 
The u s e r  e n t e r s  t h e  c a l i b r a t i o n  wavelength. A f t e r  t h i s  
i n p u t  c o n t r o l  i s  au toma t i ca l l y  s h i f t e d  t o  t h e  s c a n  
i n p u t  r o u t i n e .  

I n  t h i s  manner s e l e c t e d  l i n e s  of  t h e  semi-permanent d a t a  can be changed 

wi thout  a f f e c t i n g  t h e  r e s t  of t h e  semi-permanent d a t a .  The u s e r  can 

e n t e r  8 a s  t h e  l i n e  number when he /she  wishes t o  e x i t  from t h e  semi- 

permanent d a t a  r o u t i n e .  

S ince  angle  Y may pas s  through zero,  t he  lowlhigh l i m i t s  may be 

on e i t h e r  s i d e  of zero,  say, 300 and 100 s o  t h a t  a l lowable  angles  a r e  

between 3001360 and 0/100.* To ach ieve  t h e s e  l i m i t s ,  t h e  h igh  l i m i t  

should be s e t  t o  460 s o  t h a t  i t  i s  l a r g e r  t han  t h e  low l i m i t .  Thus 

a l l  ang le s  Letween 300 and '160 w i l l  be al lnwed.  

*The l i m i t s  a r e  l i m i t  imposed i n t e r n a l l y  i n  t h e  sof tware,  not 

p h y s i c a l l y  on t h e  spec t rometer .  This  means t h a t  any computed angle  

o u t s i d e  t h e s e  l i m i t s  w i l l  be e l imina t ed  from t h e  s can .  I f  t h i s  occurs ,  

a message w i l l  be p r i n t e d  on t h e  t e l e t y p e  g i v i n g  which ang le  exceeded 

i t s  l i m i t s  a long wi th  i t s  c a l c u l a t e d  v a l u e .  



Upon e n t r y  i n t o  t h e  scan input  rou t ine ,  t h e  t e l e t y p e  p r i n t s  

TYPE -.l TO EXIT followed by SCAN 1. Below a r e  t he  e n t r i e s  f o r  ---- -- 

t h e  scan da t a :  

2. Scan d a t a  -- 
The t e l e t y p e  p r i n t s  k? o r  1--STEPS,COUNTS,PRESET?. 
The u s e r  e n t e r s  t he  number of s t e p s  each s i d e  of 
cen te r ,  t h e  number of counts  a t  each angle  s e t t i n g ,  
and the  counting i n t e r v a l .  It i s  b e s t  t o  count a t  
l e a s t  t h r e e  t imes p e r  angle  s e t t i n g  f o r  s t a t i s t i c a l  
checking a s  t h e  h i g h e s t  p o i n t  normally i s  accepted 
f o r  only two counts .  When performing one count per  
angle  s e t t i n g ,  on ly  one d e t e c t o r  may be used. The 
p r e s e t  va lue  i s  nega t ive  for cni lnt ing  against, t ime 
and p o s i t i v e  f o r  counting a g a i n s t  monitor  a s  before .  

2 .  The t e l e t y p e  p r i n t s  c? o r  2--L)E'l',FIX E,EmRGY?. 
The u s e r  e n t e r s  t h e  p r i n c i p a l  d e t e c t o r ,  1 o r  2; the 
energy t o  be he ld  cons t an t ,  "0" f o r  t h e  i n c i d e n t  
energy o r  "1" f o r  t h e  f i n a l  energy;  and t h e  va lue  
of t he  f ixed  energy. 

3. The t e l e t y p e  p r i n t s  - 3--? o r  3--QX1, QY1, QZl,NU, DQ1, 
DQ2,DQ3,DNU?. The u s e r  e n t e r s  t h e  components of the  
p r i n c i p a l  q-vec tor  of t he  scan, t h e  phonon energy, 
t he  increments of t he  p r i n c i p a l  q-vector ,  and t h e  
phonon energy increment.  

4 .  The t e l e t y p e  p r i n t s  k? o r  4--QX2,QY2,QZ2?. The 
u s e r  e n t e r s  t h e  weaker q-vec tor  of the  scan .  I f  
t h i s  v e c t o r  i s  " O H ,  then  no weaker q-vec tor  e n t e r s  
t h e  angle  c a l c u l a t i o n s  and only  one d e t e c t o r  i s  used.* 

The u s e r  e n t e r s  -1 f o r  t h e  number of s t e p s  t o  te rmina te  t h e  scan 

inpu t  r o u t i n e  ( see  F igure  9 f o r  sample i n p u t ) .  For long counts ,  i t  may 

*This i npu t  may no t  always be implemented. I f  not ,  t h e  t e l e t y p e  

w i l l  p r i n t  SCAN 2; and t h e  next  scan  can be en te red .  



be d e s i r a b l e  t o  d i v i d e  the  counting i n t e r v a l  i n t o  s e v e r a l  s h o r t e r  

i n t e r v a l s .  This a l lows  f o r  s t a t i s t i c a l  checking of each sepa ra t e  

i n t e r v a l .  I f  an  abnormal number of counts  i s  noted f o r  one of t hese  

i n t e r v a l s ,  say  t h e  r e a c t o r  l o s e s  power f o r  awhile,  then  t h i s  p o i n t  

i s  recounted.  These s h o r t e r  counts  a r e  then  summed, and t h e  r e s u l t  

i s  w r i t t e n  on the  d a t a  f i l e  and p r i n t e d  on t h e  t e l e t y p e .  The t e l e t y p e  

experiment output  con ta ins  t h e  f i l e  number a t  which t h e  spectrum i s  

s to red  on the  count  d a t a  s e t .  This  i s  followed by the  i n i t i a l  scan 

d a t a  and i n i t i a l  ang le s .  As each count completes, t h e  t e l e t y p e  p r i n t s  

t h e  count,  background, and non-preset  count ing i n t e r v a l .  For mu l t ip l e  

counts  t h i s  13  preceded by t h e  count number. When a l l  counts  

a t  a  given angle  s e t t i n g  have been completed, t he  t e l e t y p e  p r i n t s  t h e  

d a t a  f i l e  key, t h e  sum and ad jus t ed  sum f o r  each d e t e c t o r  being used.  

Normally the  sum and ad jus t ed  sum a r e  i d e n t i c a l .  However, i f  a count 

does not  s t a t i s t i c a l l y  check, then  t h e  a d j u s t e d  sum i s  computed on t h e  

average of t h e  accepted counts ,  and t h e  count i s  r e t aken .  



GENSCAN, DBLROCK, - OR QESCAN? QES (EOT) 

NAMES WRITTEN--YES OR NO? YES (EOT) --- 
ENTER 0 FOR P S I ,  1 - 7  FOR SPD, 8 FOR SCAN? 2 (EOT) ---- --- --- 
2--CALIBRATION 2? 1 (EOT) ? 1 (EOT) ? 1 (EOT) - 
? 3 5 3 . 9 2  (EOT)  7 2 6 9 . 9 8  (EOT) ? 8 (EOT) 

TYPE -1 TO E X I T  - --- 
SCAN 1 - 
1- -STEPS,COUNTS,PRESET? 5 (EOT) ? 4 (EOT) ? +lo00 (EOT)  - 
2--DET F I X  E ENERGY? 1 (EOT) ? 1 (EOT) ? 3.2856 (EOT) 
3 -_.-!--..-.-- L --._ -. . 

3- -%1, QY l , ,QZl ,  NU, DQ1, DQ2, DQ3, DNU? 1 (EOT) ? 1 (EOT) - 
? 1 (EOT) ? 0 (GT) ? . I  (EOT) ? .I' (EOT) ? . l ( E O T )  
? 0 (EOT) 

4--QX2,  QY2,QZ2? O (EOT)  ? O (EOT)  ? O (EOT) - 

SCAN 2 -- 

I - - ?  .1 (EOT)  REPEAT? 1 (EOT) - 
I - - ?  -1 (EOT)  LAST SCAN 1 - --- 

CHANGE OR ADD? (EOT) -- 

F i g u r e  9. E x a m p l e  of QESCAN inpu t  r e p l a c i n g  l i n e  2 of the s e m i -  
p e r m a n e n t  da ta .  The l i n e  headings are  p r i n t e d .  There 
are  11 scan p o i n t s  w i t h ' 4  counts being p e r f o r m e d  a t  each 
angle  s e t t i n g .  N o t e  the  i n p u t  e r ror  i n  l i n e  1 of scan 2 .  



I V .  F i n g e r  and Thumb S p e c t r o m e t e r s  

The d i s c u s s i o n  o f  t h e  i n p u t  f o r  thumb and f i n g e r  w i l l  be  

combined i n  t h i s  s e c t i o n  s i n c e  t h e y  a r e  a lmos t  i d e n t i c a l . *  The d r i v i n g  

r o u t i n e s  a r e  t h e  same a s  t r i p l e  a x i s  when p r o c e d u r e  START i s  invoked.  

However, s i n c e  t h e  M i t s u b i s h i ' s  have t h e  a b i l i t y  t o  be d r i v e n  by p a p e r  

t a p e  ( i n  f a c t  t h e  computer sys tem emula tes  t h i s  p a p e r  t a p e ) ,  a f u r t h e r  

s e t .  of  p r o c e d u r e s  h a s  been i n s t a l l e d  t o  a l l o w  t h e  u s e r  t o  punch p a p e r  

t a p e s  f o r  a  g e n e r a l  s c a n  o r  a q -space  s c a n  ( s e e . S e c t i o n  V).  

A .  GENSCAN 

Genscan i s  a s e t  of p r o c e d u r e s  which per fo rms  a  s i m p l e  s t e p  

s c a n .  Three  d i f f e r e n t  s c a n s  a r e  p o s s i b l e :  t h e  sample t a b l e  i s  

s t e p p e d ,  code ST; t h e  G A - a r m  i s  s t e p p e d  by a n g l e  8 and t h e  sample 

t a b l e  i s  s tepped  by a n g l e  €112, code G A 1 ;  f i n a l l y  t h e  GA-arm i s  s tepped  

by a n g l e  8 and sample t a b l e  i s  n o t  s t epped ,  code GA2. ( F i n g e r  h a s  a n  

a d d i t i o n a l ,  s c a n  i n  which t h e  a n a l y z e r  c r y s t a l  i s  d r i v e n ,  code VA.) 

Because t h e  G A 1  s c a n  i s  a u t o m a t i c a l l y  performed by t h e  

M i t s u b i s h i ,  t h e  sample t a b l e  does  n o t  a p p e a r  t o  move d u r i n g  t h i s  

scan .  Thus t h e  sample t a b l e  must p h y s i c a l l y  be backed up d u r i n g  a 

GA2 s c a n ' i n  o r d e r  t o  remain unmoved. Hence, t h e  sample t a b l e  appears  

n o t  t o  move d u r i n g  a  G A 1  s c a n  and t o  move d u r i n g  a  GA2 s c a n .  

*Input  r e q u i r e d  f o r  t h e  f i n g e r ,  b u t  n o t  f o r  t h e  thumb, w i l l  

be  e n c l o s e d  i n  p a r e n t h e s e s .  



(SOMI 

3, INQ -- OR ZAP? REQ (EOT) 

LIBRARY NAME(S)? THUMB (FINGER) (EOT) 

USER TASK NAME? START (EOT) --- 
DATE/TIME TASK START @ 027400.2034 LIB(S): THUMB --- 

DISPATCH 

CHANGE TITLE--YES OR NO? YES (EOT) - --- 
? THIS IS SAMPLE INPUT FOR START (EOT) 

STARTING FILE? 3 (EOT) - 
GENSCAN, DBLROCK, - OR Q(E)SCAN? GEN (EOT) 

F igure  10. Example showing i n i t i a t i o n  of  procedure START wi th  
d a t a  f i l e s  s t a r t i n g  a t  f i l e  3 prese rv ing  f i l e s  1 and 2 .  

Upon e n t r y  t o  GENSCAN inpu t  program, t h e  t e l e t y p e  p r i n t s  

TYPE END TO EXIT followed by SCAN 1. The u s e r  e n t e r s  one of  t h e  ---- -- 
above scan  codes: ST, GA1, GA2, (VA); t h e  number of s t e p s  each s i d e  

of c e n t e r ;  t h e  s t e p s i z e ;  t h e  count ing  i n t e r v a l ;  and t h e  c e n t e r  angles  

f o r  ST, GA, (VA). The t e l e t y p e  responds -- SCAN 2. The u s e r  cont inues  

e n t e r i n g  scans .  A f t e r  t h e  l a s t  scan  t h e  u s e r  types  END f o r  t h e  scan  

type t o  e x i t  from t h e  i npu t  r o u t i n e .  

B.  DBLROCK 

The only doublerock f o r  thumb o r  f i n g e r  i nvo lves  t h e  sample 

t a b l e  and t h e  GA-arm. The sample t a b l e  i s  scanned. The weighted 



mean i s  c a l c u l a t e d .  The sample t a b l e  i s  s e t  a t  i t s  mean and t h e  

GA-arm i s  then  scanned i n  e i t h e r  coupled o r  uncoupled mode. 

Upon e n t r y  t o  DBLROCK, the  t e l e t y p e  p r i n t s  TYPE END TO EXIT ---- 
followed by -- SCAN 1. The t e l e t y p e  then  p r i n t s  - I--? r e q u e s t i n g  the 

scan  code: e i t h e r  G A l  nr G A ~ .  The t e l e t y p e  then  p r i n t s  k?. 

The u s e r  e n t e r s  t h e  m u l t i p l e r  f a c t o r ,  t h e  p r e s e t  va lue ,  and t h e  

s t a r t i n g  scan .  The t e l e t y p e  p r i n t s  - 3--? .  The u s e r  e n t e r s  t h e  

s t e p s i z e ,  t h e  convergence c r i t e r i o n ,  and t h e  number of s t e p s  each 

s i d e  of c e n t e r  f o r  sample t a b l e  scan followed by t h e  same q u a n t i t i e s  

f o r  t h e  GA-arm scan .  Af t e r  t h e  t e l e t y p e  p r i n t s  k?, t h e  u s e r  e n t e r s  

t h e  c e n t e r  ang le s  i n  o rde r :  sample t a b l e ,  GA-arm, (VA-arm). See 

Sec t ion  1 I I . B  f o r  a  complete d e s c r i p t i o n  of t h e s e  parameters  a long 

wi th  sample i n p u t s  f o r  t r i p l e  a x i s  spec t rometer .  

C. Q(E)SCAN 

QSCAN o r  QESCAN a r e  a  s e t  of procedures  which perform a s t e p  

scan  i n  momentum, q, space (QSCAN), energy, v, space, o r  both (QESCAN). 

These procedures  compute t h e  proper  ang le s  from t h e  d e s i r e d  q and v 

va lues  u s i n g  t h e  c a l i b r a t i o n  d a t a .  This c a l i b r a t i o n  d a t a  o r  semi- 

permanent d a t a  a r e  s t o r e d  s e p a r a t e l y  from t h e  s can  d a t a .  Thus it need 

not  be en t e r ed  from one run  t o  t h e  nex t .  

Upon invoking QSCAN, t h e  t e l e t y p e  responds w i th  NAMES WRITTEN--YES - 
OR NO?.  This  a l lows  the  u s e r  t o  have t h e  i npu t  f o r  each l i n e  p r i n t e d  -- 
a s  headings be fo re  e n t r y .  I f  t h e s e  headings a r e  des i r ed ,  t h e  u se r  

responds YES. Any o t h e r  response  suppresses  t h e  headings f o r  t he  

semi-permanent d a t a  a s  w e l l  as t h e  s can  d a t a .  



The t e l e t y p e  t h e n  t y p e s  t h e  l i n e  ENTER 0 FOR ST, 1-4 FOR SPD -- ---, 
5 FOR SCAN. The u s e r  responds w i t h  t h e  l i n e  number he  wishes  t o  --- 
b e g i n  t h e  d a t a  i n p u t .  A 0 a l l o w s  t h e  u s e r  t o  change e i t h e r l b o t h  

v a l u e s  o f  t h e  sample t a b l e  c a l i b r a t i o n .  L i n e s  1-4  a r e  semi-permanent 

d a t a  which a r e  d e s c r i b e d  below. Line 5 s t a r t s  t h e  s c a n  d a t a  which 

a r e  a l s o  d e s c r i b e d  below. A f t e r  each l i n e  i n  t h e  semi-permanent d a t a ,  

t h e  l i n e  number o f  t h e  n e x t  e n t r y  i s  r e q u e s t e d .  Typing (EOT) 

a u t o m a t i c a l l y  g e t s  t h e  nex t  l i n e .  For  example, t h e  u s e r  c a n  e n t e r  

l i n e s  1 and 4 of  t h e  semi-permanent d a t a  o n l y  and t h e n  e n t e r  t h e  

d e s l r e d  s c a n s  ( s e e  F i g u r e  11). 

1. Semi-permanent d a t a  - 
1. The t e l e t y p e  responds  - I - -?  o r  1--CALIBRATION I ? .  

The u s e r  e n t e r s  t h e  c a l i b r a t i o n  i n d i c e s  H,K,L;  
and t h e  c a l i b r a t i o n  sample t a b l e  and GA-arm 
a n g l e s .  An (EOT) o r  - 2  r e s p o n s e  g e t s  t h e  n e x t  
l i n e .  

2 .  The t e l e t y p e  responds  - 2--? o r  2--CALIBRATION 2 ? .  
The u s e r  t h e n  e n t e r s  t h e  r e s p e c t i v e  d a t a  f o r  t h e  

. second c a l i b r a t i o n .  Again a n  (EOT) o r  3 r e s p o n s e  - - 
g e t s  t h e  nex t  l i n e .  

3 .  The t e l c t y p c  rcspondo k? o r  3--LOW,HICH LIMIT 
ANGLES?. The u s e r  e n t e r s  t h e  l i m i t  a n g l e s  i n  
low/high o r d e r e d  p a i r s  f o r  t h e  sample t a b l e ,  t h e  
GA-arm, (and t h e  VA-arm). A  r e s p o n s e  o f  (EOT) - 
o r  - 4  r e q u e s t s  t h e  n e x t  l i n e .  

4 .  The t e l e t y p e  responds  - 4--?  o r  4--LAMDA,GA(Z), 
SIGN(GA)? ( o r  4--LAMDA,D,GA(Z),VA(Z),SIGN(GA), 
SIGN(VA)?). The u s e r  t h e n  e n t e r s  t h e  c a l i b r a t i o n  
wavelength) ( t h e  d - s p a c i n g  o f  t h e  a n a l y z e r  
c r y s t a l ) ,  t h e  z e r o  r e f e r e n c e  G A - a r m  ang le ,  ( t h e  
z e r o  r e f e r e n c e  VA-arm a n g l e ) ,  t h e  s i g n  o f  GA, 
( t h e  s i g n  of VA). The u s e r  e n t e r s  "ltt f o r  p o s i t i v e  
s i g n  and "0" f o r  n e g a t i v e  s i g n .  



NAMES WRITTEN--YES OR NO? YES (EOT) 
- A -  

ENTER O FOR ST, 1-4 FOR SPD, 5 FOR SCAN? 1 (BIT) ---- --- --- 
1--CALIBRATION L? 1 (EOT) ? 0 (EOT) ? 0 (EOT) - 
? 164.39 (EOT) ? 74.39 (EOT) ? 4 (EOT) 

4--LAMDAY GA(Z) , SIGN(GAl? 1.08452 (EOT) ? .38  (EOT) - 
? 1 (EOT) 

TYPE -1 TO EXIT - --- 
SCAN 1 -- 

1--STEPSy COUNTS,PRESET? 2 (EOT) ? 1 (EOT) ? 2 (EOT) - 

2 QXjQY,Qq,DQX,DQJ!,DQZ? 1 (EOT) ? O (EOT) - 
? 0 (EOT) ? .005 (EOT) ? 0 (EOT) ? 0 (EOT) 

SCAN 2 -- 
I - - ?  -1 LAST SCAN 2 - --- 
CHANGE OR ADD? 2 (EOT) -- 
I - -?  2 (EOT) ? 1 (EOT) ? 2 (EOT) - 

2--? O (EOT) ? O (EOT) ? 2 (EOT) ? .005 (EOT) - 
? 0 (EOT) ? 0 (EOT) 

SCAN 3 -- 

I--? -1 LAST SCAN 2 - --- 

CHANGE OR ADD? (EOT) -- 

Figure  11. Example thumb inpu t  f o r  Q-SCAN changing l i n e s  1 and 4 
of  t h e  semi-permanent d a t a .  Scan 2 was added as an 
a f t e r  thought  be fo re  t h e  experiment was' s t a r t e d .  

Upon e n t r y  i n t o  t h e  scan  i n p u t  r o u t i n e ,  t h e , t e l e t y p e  p r i n t s  

TYPE -1 TO EXIT followed by SCAN 1. Below a r e  t h e  e n t r i e s  f o r  - ---  -- 
t h e  scan  da t a :  



2.  Scan d a t a  -- 
1. The t e l e t y p e  responds h? o r  1--STEPS,COUNTS,PRESET?. 

The u s e r  e n t e r s  the  number of s t e p s  each s i d e  of center ,  
t h e  number of counts  a t  each ang le  s e t t i n g ,  and t h e  
p r e s e t  va lue .  P r e s e t  i s  negat ive  f o r  counting a g a i n s t  
time and p o s i t i v e  f o r  counting a g a i n s t  monitor .  

2 .  The t e l e t y p e  p r i n t s  - 2--? o r  2--QX, QY, QZ, (NU), DQX, DQY, 
DQZ,(DNU)?. The u s e r  e n t e r s  t h e  components of t h e  
q-vector ,  ( t h e  phonon energy 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  increments of t he  q-vector ,  ( t h e  increment of the 
phonon energy) .  

Af t e r  a l l  of t h e  scans have been en tered ,  t h e  u s e r  e n t e r s  -1 f o r .  

t h e  number of steps t o  te rmina te  t h e  scan i n p u t .  The u s e r  i s  then 

asked f o r  updates  before  t h e  scans a r e  run.  See Sec t ion  1II.C f o r  

d e t a i l s  of scan i n p u t .  

V .  U t i l i t i e s  

Seve ra l  u t i l i t y  programs have been w r i t t e n  f o r  t he  u s e r ' s  

convenience. Since these  a r e  v i r t u a l l y  i d e n t i c a l  f o r  a l l  t h r e e  

spec t rometers ,  they w i l l  a l l  be descr ibed  i n  t h i s  s e c t i o n .  They 

provide func t ions  such a s  dumping semi-permanent and count d a t a  

s e t s ,  updat ing t h e  scan d a t a  ~ e t ,  t r i a l  calculations f o r  q ( e )  . 

scans,  and paper t ape  gene ra t ion  f o r  t h e  Mi t sub i sh i s .  

A. 1)TSKKEAD 

This  program dumps the  con ten t s  of a  given d a t a  f i l e  r e s i d i n g  

on t h e  count d a t a  s e t .  Upon s t a r t i n g  t h i s  program, t h e  t e l e t y p e  

p r i n t s  DUMP FILE. The use r  e n t e r s  t h e  f i l q  number corresponding -- 
t o  t h e  hard copy f i l e  number he l she  d e s i r e s  t o  dump. The t e l e t y p e  

p r i n t s  t h e  type of scan which generated the  d a t a  f i l e ,  and t h e  



i n i t i a l  ang le s  o r  q -va lues  a long  with '  t h e i r  r e s p e c t i v e  s t e p  s i z e s .  

F i n a l l y  t h e  key va lues  and t h e  d a t a  a r e  p r i n t e d .  Upon completion 

of  t h e  dump of  t h e  f i l e ,  t h e  t e l e t y p e  p r i n t s  -- DUMP FILE? The u s e r  

can now dump ano the r  f i l e  o r  t e rmina t e  t h e  dump by e n t e r i n g  (EOT). 

I f  t h e  f i l e  con ta in ing  t h e  count  d a t a  i s  a  doublerock scan, 

t hen  t h e  t e l e t y p e  p r i n t s  ----- DUMP SCAN 1 OR 2?.  I f  t h e  u s e r  d e s i r e s  

t h e  f i r s t  ang le  scan  he / she  responds 1, o the rwi se  he / she  responds 2 .  

The same f i l e  must be dumped a  second time t o  g e t  both scans .  

B.  DUMPSPD 

This  r o u t i n e  dumps t h e  semi-permanent d a t a  s t o r e d  on d a t a  s e t  

SCANTEST ' ( s ee  Paragraph D ) . Thi s  a l lows  t h e  u s e r  t o  i n t e r o g a t e  t h e  

semi-permanent d a t a .  ' The program r e q u i r e s  no i n p u t .  It p r i n t s  

t h e  fo l lowing  t a b l e :  

a . )  C a l i b r a t i o n  1 d a t a  
b . )  C a l i b r a t i o n  2 d a t a  
c . )  Limit ang le s  and ze ro  r e f e r e n c e  a n g l e s  
d . )  d -spac ings  
e . )  Angle s i g n s  
f . )  C a l i b r a t i o n  wavelength. 

The o r d e r  of t h i s  p r i n t  o u t  v a r i e s  f o r  t he  d i f f e r e n t  spec t rometers .  

. C . TAPES TART 

This  program g e n e r a t e s  a paper t a p e  which can be read  by the  

M i t s u b i s h i .  This  r o u t i n e  can be used whenever hardware problems 

cause problems i n  t h e  computer c o n t r o l .  The inpu t  f o r  t h i s  

r o u t i n e  i s  i d e n t i c a l  t o  t h a t  of  program START and w i l l  no t  be 

d i s cus sed  he re .  



D. TESTQ(E) 

This routine allows the user to make a trial calculation for 

the q-scan angles. Its input is similar to that required by Q(E)SCAN 

with the exception of the TITLE, FIX ANGLES, and STARTING FILE 

requests. The user is referred to the Q(E)SCAN sections for 

discussion of the input. 

The program prints the calculated angles for the triple axis 

spectrometer. It prints the q-vector values (and the phonon energy) 

as well tor the thumb And finger specrrornecers. 

This rnntine maintains its own scan data set SCANTEST for use 

while the respective spectrometer is operating. Thus two versions 

of the semi-permanent data are stored: one on data set SCANTEST 

and one on data set SCANIN, the data set used by program START. 

Whenever the semi-permanent data is changed in program START, both 

data sets SCANIN and SCANTEST are updated so that these copies are 

identical. If the semi-permanent data are changed during a TESTQ(E) 

calculation,.these data are restored to the values at the beginning 

of the run. Thus the semi-permanent data can only be permanently 

changed from program START. 

If the angle calculation routine Q(E)CATX terminates with a 

completion code of 000033, the scan q-vector or phonon energy is 

inconsistent with the input data. The 000033 is caused when the 

routine attempts to calculate the square root of a negative number. 

This means the data would generate non-physical angles. 



p i s  program i s  used f o r  upda t ing  t h e  c u r r e n t l y  a c t i v e  s can  

f i l e .  The experiment i n  p rog re s s  i s  te rmina ted .  Then program 

UPDATE i s  c a l l e d  which a l lows  t h e  u s e r  t o  r epea t ,  add, d e l e t e ,  o r  

r e p l a c e  scans  on t h e  scan d a t a  s e t .  The inpu t  i s  a s  fo l lows  ( see  

F igure  12):  

The t e l e t y p e  p r i n t s  REPEAT -- SCAN NO?.  I f  t h e  u s e r  d e s i r e s  t o  

r e p e a t  a  GENSCAN o r  QESCAN which h a s  been completed, he / she  e n t e r s  

i t s  number. The program automaeica l ly  rransfers co~i lr 'u l  Lu L l ~ e  

proper  sc.an. The scan  must have completed be fo re  t h i s  o p t i o n  can 

be used.  I f  no scan  i s  t o  be repea ted ,  t h e  u s e r  responds (EOT). 

Af t e r  an  (EOT) t o  t h e  r e p e a t  scan  r eques t ,  t h e  t e l e t y p e  p r i n t s  

ADD TO SCANS--YES OR NO?. I f  t h e  u s e r  d e s i r e s  t o  add scans  t o  the  --- --- 
end of t h e  scan  d a t a  s e t ,  he / she  responds YES. The program passes  

c o n t r o l  t o  t h e  proper  i npu t  r o u t i n e  t o  e n t e r  t h e  scans .  Input  

proceeds a s  desc r ibed  i n  t h e  a p p r o p r i a t e  subsec t ion  above. I f  t he  

u s e r  responds NO o r  (EOT), t h e  program s k i p s  t h i s  o p t i o n .  

The t e l e t y p e  p r i n t s  DELETE -- SCAN NO? a s  t h e  next  op t ion .  If 

t h e  u s e r  d e s i r e s  t o  d e l e t e  any scan, he / she  e n t e r s  t h a t  number. 

Any scan  can be d e l e t e d  i nc lud ing  one i n  p rog re s s .  I f  a  scan  i s  

d e l e t e d ,  t hen  t h e  DELETE -- SCAN NO? r e q u e s t  i s  p r i n t e d  aga in .  This 

con t inues  u n t i l  t h e  u s e r  e n t e r s  (EOT) t o  t h i s  r e q u e s t .  

The t e l e t y p e  p r i n t s  REPLACE -- SCAN NO? a s  t he  f i n a l  op t ion .  I f  

t h e  u s e r  d e s i r e s  t o  r e p l a c e  a  scan, he / she  e n t e r s  t h a t  number. The 



program then  t r a n s f e r s  c o n t r o l  t o  t h e  a p p r o p r i a t e  i n p u t  r o u t i n e .  

A f t e r  t h e  replacement scan  h a s  been en t e r ed ,  t h e  t e l e t y p e  p r i n t s  

REPLACE SCAN NO?. The u s e r  con t inues  r e p l a c i n g  scans  u n t i l  he/she 

i s  f i n i s h e d .  Then t h e  response  i s  (EOT).  

A f t e r  t h e  upda t ing  has  been completed, t h e  t e l e t y p e  p r i n t s  

CHANGE OR ADD--YES OR NO?. This  a l lows  t h e  u s e r  t o  c o r r e c t  any -- ---.  

mis takes  he / she  may have no t i ced .  I f  t h e  response  i s  YES, t h e  updat ing 

o p t i o n s  a r e  a v a i l a b l e  aga in  s t a r t i n g  wi th  t h e  ADD o p t i o n .  The u s e r  

starts L h r  s c l i u s  a L  L l l t  poii l t  a t  which they  were i n f o r r u p t e d  by 

responding NO (EOT) .  



REQ, I N Q  OR ZAP? REQ (EOT) -- 
TYPE I N  USER LIBRARY NAME?. THUMB (EOT) --- - 
TYPE I N  TASK NAME? UPDATE (EOT) ---- . 

. . 
REPEAT SCAN NO? (EOT) -- 

I - - ?  5 (EOT)  ? 1 (EOT) ? 10 (EOT)  - 
2 - - ?  O (EOT) ? O (EOT) ? 2 (EOT) 7 ,005 (EOT) - 
? 0 (EOT) ? 0 (EOT)  

SCAN 5 

DELETE SCAN NO? 2 (EOT) -- 
DELETE SCAN NO? 3 (EOT) -- 

DELETE SCAN NO? (EOT) -- 
REPLACE SCAN NO? 4 (EOT)  -- 
SCAN 4 --  

I--? 5 (EOT) ? 1 (EOT) ? 10 (EOT) - 
2 - - ?  O (EOT) ? O (EOT) ? 2 . 5  (EOT) ? O (EOT) - 
? 0 (EOT) ? .005 (EOT) 

REPLACE SCAN NO? (EOT)  -- 
CHANGE OR ADD--YES OR NO? NO (EOT) -- --- 

Figure  1 2 .  I npu t  t o  p r o g r a m  UPDATE. ~ n i t i a l l y  the  scan da ta  set 
contained 4 scans: scans 2 and 3 w e r e  de le ted ,  scan 5 
w a s  a d d e d ,  and scan 4 w a s  replaced.  C o n t r o l  t hen  
r e tu rned  t o  t h e  i n t e r r u p t i o n  p o i n t  t o  continue the  scans. 



V I .  P l o t t e r  

The p l o t t e r  i s  a  s e r i e s  of programs i n i t i a t e d  from the  d i r e c t o r y  

con ta in ing  t h e  d a t a  s e t  t o  be used by t h e s e  programs. The d r i v i n g  

r o u t i n e '  f o r  t h e s e  programs i s  GRAPH. C a l l i n g  t h i s  program al lows t h e  

u s e r  s e v e r a l  op t ions :  p l o t t i n g  d a t a  from t h e  count  d a t a  set ;  c a l c u l a t i n g  

t h e  weighted mean and a r e a  under t h e  spectrum e i t h e r  au toma t i ca l l y  o r  

by i n p u t  of s a l i e n t  peak f e a t u r e s .  The v a r i o u s  op t ions  w i l l  be 

desc r ibed  below. 

The program i n i t i a l l y  p r i n t s  OPTION t o  r e q u e s t  one of t h e  a v a i l a b l e  

op t ions :  CAL, PLOT, AUTO, AREA, XMAX, CHK, END. When t h e  c a l i b r a t i o n  

'op t ions  CAL and CHK a r e  invoked, the  program w i l l  a sk  f o r  t h e  next 

o p t i o n  immediately.  The u s e r  should no t  e n t e r  a  new o p t i o n  u n t i l  

he1sh.e i s  f i n i s h e d  wi th  t h e  CAL o r  CHK op t ion .  

CAL: This  o p t i o n  a l lows  t h e  u s e r  t o  c a l i b r a t e  t he  p l o t t e r  f o r  

t h e  a b s c i s s a ( x )  and o r d i n a t e ( y )  s c a l e s  be ing  used.  The p l o t t e r  marks 

p o i n t s  a t  t h e  o r i g i n  and t h e  ordered  p a i r  (x ,y)  a t  t h e  maximum t o  a l l ow  

t h e  u s e r  t o  a d j u s t  t h e  x  and y  g a i n s  a s  h e l s h e  d e s i r e s .  S i x  p o i n t s  a r e  

p l o t t e d  a t  each p o i n t .  

PLOT: This  i s  t h e  p l o t  .command. When PLOT i s  s p e c i f i e d ,  the 

t e l e t y p e  p r in t ' s  - FILE. The u s e r  then  e n t e r s  t h e  f i l e  number he/she 

d e s i r e s  p l o t t e d .  The program then  p r i n t s  t h e  i n i t i a l  a b s c i s s a  va lue  

and t h e  scan  increment .  This  i s  followed by YO,YMAX?. The u s e r  e n t e r s  

t h e  minimum and maximum number of counts  t o  appear  on t h e  p l o t .  For  

example, t he  u s e r  might e n t e r  0  and .1000 i f  t h e  background were i n  



neighborhood of 10  counts ,  and t h e  peak i n  t he  neighborhood of 

900 counts .  Invoking t h e  p l o t  o p t i o n  when t h e  p l o t t e r  i s  c a l i b r a t i n g  

s t o p s  t h e  c a l i b r a t i o n .  

CHK: This  o p t i o n  checks t he  c a l i b r a t i o n  by p l o t t i n g  p o i n t s  a t  

t h e . o r i g i n  and a t  t h e  ordered  p a i r  (x,y) f o r  t h e  r e s p e c t i v e  maximum 

v a l u e s .  One p o i n t  i s  p l o t t e d  a t  each p o i n t .  

AUTO: This  o p t i o n  a l lows  the  u s e r  t o  compute t h e  weighted mean 

and t h e  a r e a  under t h e  curve au toma t i ca l l y ,  i . e . ,  t h e  program sea rches  

f o r  t h e  beak features and p r i n t s  them nn the te le type ,  When t h i s  

op t ion  i s  invoked, t h e  t e l e t y p e  p r i n t s  FILE, and t h e  u s e r  e n t e r s  t h e  

f i l e  number t o  be  used a s  i n p u t .  

AREA: This  op t ion  a l lows  t h e  u s e r  t o  compute t h e  weighted mean 

and t h e  a r e a  under user s p e c i f i e d  p a r t s  of t h e  spectrum on a given f i l e .  

I n  t h i s  case ,  however, he / she  must e n t e r  t h e  s a l i e n t  f e a t u r e s  of  t h e  

curve:  t h e  s t a r t  and end of t h e  background on each s i d e  of t h e  

spectrum; and t h e  s t a r t  and end of t h e  peak. A s  above t h e  t e l e t y p e  

r e q u e s t s  t h e  f i l e  number. This  i s  fol lowed by the  fo l lowing  r eques t s :  

START,END --." LEFT BACKGROUND?. The u s e r  e n t e r s  t h e  key number of  

t h e  d a t a  p o i n t  a t  which t h e  - l e f t  background begins  followed by the  

key number of t h e  d a t a  p o i n t  a t  which t h e  l e f t  background ends.  

START,END PEAK?. The u s e r  e n t e r s  t h e  keys  f o r  t h e  d a t a  p o i n t s  

a t  which t h e  peak begins  and ends r e s p e c t i v e l y .  I f  t h e  u s e r  e n t e r s  - 
keys f o r  t h e  peak t h a t  a r e  d i f f e r e n t  by a  number g r e a t e r  t han  7, 

t h e  programs t r e a t  t h e  peak a s  a  p l a t e a u .  When t h i s  occurs ,  t h e  



average of r i g h t  and l e f t  peak va lues  i s  c a l c u l a t e d  and used as 

t h e  mean. Otherwise,  t he  weighted mean i s  c a l c u l a t e d .  

START,END RIGHT BACKGROUND?. The u s e r  e n t e r s  t h e  key numbers 

f o r  t h e  d a t a  p o i n t s  a t  t h e  beginning  of  t h e  r i g h t  background and 

t h e  - end of t h e . r i g h t  background. 

I f  any f e a t u r e  i s  no t  t o  be included,  t hen  t h e  same key number 

should be en t e r ed  f o r  each member of an  ordered  p a i r .  Do not  e n t e r  

ze ro .  The key numbers must be i n  ascending o r d e r  ( s e e  F igure  13) .  

a .  > 
Spectrum appear ing  
on t e l e t y p e  

b .  
E n t r i e s  f o r  GRAPH 

FILE 1 

KEY DATA 

3 3 3 OPTION? AREA (EOT) 
34 4 l e f t  background - FILE? 1 (EOT) 
3 5 3 . START,END LEFT BACKGROUND? 33(EOT) ? 36 (EOT) 

START,END PEAK? 39 (EOT) ? 41  (EOT) 
START, END RIGHT BACKGROUND? 44 (EOT) ? 47 (EOT) 

39 . 601 EIIPSON 146. - SUM 145, MEAN 30.001 - - 
40 692 peak 
4 1  593 

4 6 5 r i g h t  background 
47 2 

F igure  13. Example of  a r e a  c a l c u l a t i o n  u s i n g  GRAPH. 



XMAX: This option scales the  abscissa,^. The minimum x-value 

i s  assumed zero. The user enters the maximum x-value to appear on 

the plot .  If  the number of data points to be plotted i s  entered, the 

plot w i l l  span the entire abscissa. 

END: This option terminates the program. 
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V I I I .  Appendices 

A.  T r i p l e  Axis Inpu t  Summary 

Shortlsummary of i npu t  d a t a  f o r  t h e  t h r e e  experiments  performed 

on t h e  t r i p l e  a x i s  spec t rometer .  

1 . )  GENSCAN 

Line 1: Scan type  ( s ee  F igure  4 f o r  codes) .  En te r  END t o  t e rmina t e  
i n p u t .  

Line 2: S t e p s i z e ;  !I of s t e p s  t o  one s i d e  of c e n t e r ;  p r e s e t  va lue .  

L l n s  3: Nine arrrLru aoglaa io order %, 2%, Y ,  cpl, oA1, *OA19 

cp2, 8  , 2QA2. (Zero e n t r y  w l l l  u se  c u r r e n t  ang le  va lue .  
To s d 2 a n g l e  t o  0  degrees ,  e n t e r  360.)  

2 .  ) DOUBLEROCK 

Line 1: Scan type  ( s ee  F igure  6 f o r  codes) .  En te r  END t o  
t e rmina t e  i npu t .  

Line 2: M u l t i p l i e r  f ac to r .  ( f o r  qu ickscan  c o r r e c t i o n  i f  scan  t o o  
narrow), p r e s e t  va lue  ( 0  f o r  qu ickscan  s t a r t i n g  scan) ,  
1 t o ' d o  8 scan f i r s t ,  2  t o  do 28  scan  f i r s t .  

Line 3: S t e p s i z e  ang le  1 ;  convergence c r i t e r i o n  ang le  1 ;  number 
of  s t e p s  each s i d e  of c e n t e r  f o r  ang le  1 ;  s t e p s i z e  angle  2 ;  
convergence c r i t e r i o n  angle  2; number of  s t e p s  f o r  angle  2.  

Lfne 4 :  Nine c e n t e r  angles  a s  above. (Zero e n t r y  w i l l  u s e  c u r r e n t  
'angle v a l u e .  To s e t  ang le  t o  0 degrees ,  e n t e r  360.)  

3 .  ) , QESCAN 

Semi-permanent d a t a  

Line  1: Ind ices  f o r  c a l i b r a t i o n  one, H K L c a l i b r a t i o n  1 
v a l u e s  f o r  Y and y. 1) 1) 1; 

Line 2: The above va lues  f o r  c a l i b r a t i o n  2 .  

Line 3: The l a t t i c e  d-spacings i n  o r d e r  $4' d ~ l '  d ~ 2 '  



Line  4 :  The z e r o  r e f e r e n c e  a n g l e s  i n  o r d e r  

2eA1, 'P23 BA29 2BA2'  

L i n e  5: The . low and h i g h  l i m i t  a n g l e s  i n  o r d e r e d  p a i r s  
2%, ' 9  (PI, 2BA1J (P2, 28A2' 

%I, 

Line  6: 1 i f  a n g l e  s i g n  i s  t o  be p o s i t i v e  and -1 i f  a n g l e  s i g n  
i s  t o  be n e g a t i v e  i n  o r d e r  2  2RA1, ' ~ 2 3  'OA2' 

L ine  7 :  The wavelength  used d u r i n g  t h e  c a l i b r a t i o n .  

Scan d a t a  

Line 11  . Number of steps ~ a r h  s i d e  nf cPntPr ,  niimher nf counts 
a t  each  s c a n  p o i n t ,  p r e s e t .  E n t e r  -1 t o  t e r m i n a t e  
i n p u t .  

L ine  2: P r i n c i p a l  de tec to r  n~lmber ( 1  o r  2 ) ;  1 if E' f i x e d ,  0 i f  
E f i x e d ;  f i x e d  energy  v a l u e .  

0 

~ f n e  3: . C e n t r a l  q, energy v a l u e s ,  q and energy  i n c r e m e n t s  i n  
o r d e r  Qxl, Qyl, QZ1,  VJ AQxl, AQylJ AQZ1, Av. 

L i n e  4: Weaker Q v a l u e  ( l e a v e  z e r o  i f  no senond s c a n )  i n  
o r d e r  Q2X, Q2Y3 Q22 (may n p t  be i n c l u d e d ) .  

Sample t a b l e  d a t a  o n l y  

Llae 1: C a l i b r a t i o n  a n g l e s  '1' and Y ~ .  I n p u t  0 i f  t h e y  ore t o  
rcms in  t h e  same. 2  2  



B. F inger  and Thumb Input  Summary 

Shor t  summary of i npu t  d a t a  f o r  t h r e e  experiments  performed 

on t h e  thumb and f i n g e r  spec t rome te r s .  I npu t  d a t a  v a l i d  on ly  f o r  

t h e  f i n g e r  spec t rometer  i s  i n  pa ren theses .  

1. ) GENSCAN 

Line 1: a .  ) Scan type:  ST, G A l  (coupled GA scan) ,  GA2 
(uncoupled GA s c a n ) .  En te r  END t o  t e rmina t e  
i n p u t .  

b . )  Number of s t e p s  each s i d e  of c e n t e r .  
c . )  The s t e p s i z e .  
d . )  l'he p r e s e t  va'luk. 
e . )  Center  ang le s  f o r  t h e  sample t a b l e ,  GA-arm 

c e n t e r  angle ,  ( t h e  VA-arm) r e s p e c t i v e l y .  

2.. ) DOUBLE ROCK 

Line 1: Scan .code :  GA1 (coupled GA scan)  o r  GA2 (uncoupled 
GA s c a n ) .  Enter  END t o  t e rmina t e  i n p u t .  

~ i n e  2: M u l t i p l i e r  f a c t o r  ( f o r  quickscan c o r r e c t i o n  i f  scan  
too  narrow), p r e s e t  va lue  (0 f o r  qu ickscan) ,  and 
1 f o r  sample t a b l e  scan  f i r s t ,  2 f o r  GA-arm scan  f i r s t .  

Line 3:  Steps i ze ,  convergence c r i t e r i o n ,  and number of  s t e p s  
each s i d e  of c e n t e r  f o r  sample t a b l e  scan .  Respec t ive  
va lues  f o r  GA-arm scan .  

Line 4: Center  ang le s  f o r  t h e  sample t a b l e ,  GA-arm, (VA-arm) 
r e s p e c t i v e l y .  



3 .  ) QESCAN 

Semi-permanent d a t a  

Line 1: C a l i b r a t i o n  1 ind ices ,  sample t a b l e  and GA-arm ang le s .  

Line 2: c a l i b r a t i o n  2 i nd ices ,  sample t a b l e  and VA-arm ang le s .  

Line 3: Low/high l i m i t  angles  f o r  sample t a h t e  and GA-arm, 

Line 4: C a l i b r a t i o n  wavelength, zero  r e f e r e n c e  f o r  GA-arm, 
(ana lyzer  c r y s t a l  d-spacing) ,  ( ze ro  r e f e rence ,  f o r  
VA-arm), s i g n  of GA-arm, ( s i g n  of VA-arm) . 

Sample t a b l e  i npu t  only 

Line 1: C a l i b r a t i o n  1 sample t a b l e  angle ,  c a l i b r a t i o n  2 sample 
t a b l e  angle .  Enter  zero  , i f  they  a r e  t o  remain t h e  same. 

, . , . 
Scan d a t a  . 

Line 1 :  a . )  Number of s t e p s  each s i d e  of c e n t e r .  
b . )  Number of counts  a t  each angle  s e t t i n g .  
c .  ) P r e s e t  va lue .  

Li'ne 2: a . )  Components 'of q-vec tor  a t  scan  cen te r ,  
(va lue  of v  a t  scan c e n t e r ) .  

b . )  Increments of q-vector ,  ( increment of v ) .  



C .  P l o t t e r  Summar'y 

Shor t  summary of input  d a t a  f o r  GRAPH. 

Line 1: GRAPH opt ion :  
AREA-calculate a r e a  under spectrum and 

weighted mean wi th  u s e r  i n p u t  of  
s a l i e n t  f e a t u r e s  

AUTO-calc.ulate a r e a  under  spectrum and 
weighted mean wi th  computer search  
f o r  s a l i e n t  f e a t u r e s  

CAL-calibrate t h e  p l o t t e r  
CHK-check t h e  p l o t t e r  c a l i b r a t i o n  
END-exit from t h e  program 

PLOT-plot t h e  spectrum 
XMAX-set t h e  maximum a b s c i s s a  v a l u e .  

Line 2.a:  The f i l e  number of t h e  d a t a  f i l e  be ing  used.  
(Entered when op t ions  PLOT, AUTO, o r  AREA 
a r e  s p e c i f i e d . )  

~ i n e  2.  b: The maximum va lue  of t h e  a b s c i s s a ,  XMAX. 
(Entered only  when o p t i o n  XMAX i s  s p e c i f i e d . )  

Line 3 .a :  The minimum va lue  of  t h e  o r d i n a t e ,  YO, and t h e  
maximum va lue  of t h e  o r d i n a t e ,  YMAX. (Entered 
when op t ion  (PLOT) i s  s p e c i f i e d . )  

Line 3.b:  S t a r t i n g  and ending keys f o r  t h e  l e f t  background. 
S t a r t i n g  ,and ending keys f o r  t h e  peak. 
S t a r t i n g  and ending k e y s ' f o r  t h e  r i g h t  background. 
(Entered only  when o p t i o n  AREA i s  s p e c i f i e d .  ) 



D. Loading Data S e t s  From Object  Cards 

The compiler  i s  r e s i d e n t  on t h e  360. Therefore  programs 

must be compiled on t h e  360 which produces an o b j e c t  deck f o r  t he  

PDP-15. The o b j e c t  deck i s  then  read onto  t h e  15 d i s k  s o  t h a t  it 

i s  a v a i l a b l e  f o r  load ing  when i t  i s  c a l l e d .  

For t h i s . p u r p o s e  t h e  d i s k  i s  d iv ided  i n t o  l i b r a r i e s  o r  

d i r e c t o r i e s .  The neut ron  s c a t t e r i n g  d i r e c t o r i e s  a r e  FINGER, THUMB, 

and TRIAX. Routines  which a r e  shared  such a s  t h e  p l o t t i n g  r o u t i n e s  

a r e  s t o r e d  i n  d i r e c t o f y  L I N l V L K S f i .  

Since  most of t h e  d i r e c t o r i e s  have t h e  same r o u t i n e s ,  t h e  ob j ec t  

c a r d s  a r e  i d e n t i f i e d  by a  one l e t t e r  code a t t ached  t o  t h e  end o f  t h e  

name. These codes a r e  F  f o r  £inger ,  T  f o r  thumb, X f o r  t r i a x ,  and 

U f o r  u n i v e r s a l .  The d a t a  s e t  name appears  on t h e  f i r s t  c a rd  of  t h e  

o b j e c t  deck. When e n t e r i n g  t h e s e  d a t a  s e t s ,  t h e  code l e t t e r  must - n o t  

be inc luded  a s  it i s  not  p a r t  of t h e  t a s k  name ( see  F igu re  1 4 ) .  

The program f o r  load ing  t a s k s  on to  t h e  15 d i s k  i s  c a l l e d  DISKORG 
. . 

a n d , i s  l oca t ed  i n  d i r e c t o r y  DISK. I f  a  d a t a  s e t  i s  t o  be  reloaded 

due t o  a  problem wi th  t h e  d i s k ,  t h e  procedure i n  F igu re  14  i s  t o  be 

fol lowed.  Refer  t o  Users Manual For DISKORG, The Disk Organiza t ion  
t 

Subsystem For The PDP-15 Computer, IS-4105, by Kent R. Brobst,  

Leur~ard C. Moon, and Thomas Ekberg, f o r  complete d e t a i l s  f o r  using 

DISKORG . 
The procedure i s  s l i g h t l y  d i f f e r e n t  f o r  load ing  code f o r  the 

910. This code i s  s t o r e d  on t h e  15 d i s k  and can be  loaded 

a c r o s s  t h e  i n t e r f a c e  whenever d e s i r e d .  A l l  of t h e  machine code f o r  



t he  neutron s c a t t e r i n g  programs i s  loca t ed  i n  d a t a  s e t  N S 9 1 0 .  Hence, 

t he  9 1 0  o b j e c t  code i s  read i n t o  t h i s  d a t a  s e t  and , loaded t o  t h e  15. 

This i s  due t o  t he  f a c t  t h a t  t h e  910 cross-assembler  i s  r e s i d e n t  on 

t h e  360 s i m i l a r l y  t o  t he  15 ALECS compiler .  F igure  15 shows an  example 

of reading  o b j e c t  code and loading t o  t h e  910. 

m, -- OR ZAP? . REQ (EOT) 

LIBRARY NAME ( S ) ?  D I S K  (EOT) 

USER TASK NAME? DISKORG (EOT)  --- 

DATE--YMD? 770222 (EOT) -- 
YOUR NAME? TGP (EOT) -- 

OPCODE? MDS (EOT)  

DIRECTORY? THUMB (EOT) 

DATA SET? STEPSCAN (EOT) -- 
UPDATE? YES (EOT)  

DATA S E T  TYPE? TASK (EOT) --- 
UPDATE? YES (EOT) 

F igure  14. Example of  r e load ing  t a s k  STEPSCAN i n t o  d i r e c t o r y  
THUMB. ' Se l ec t  t h e  o b j e c t  ca rds  headed STEPSCANT 
and procede a s  above. 



a . )  Read t h e  910 o b j e c t  code from ca rds  

REQ, I N Q  OR ZAP? REQ (EOT) 

LIBRARY NAME(S)? SDS 

USER TASK NAME? CARDREAP (EOT) --- . . . . 
DATA S E T  NAME? N S 9 1 0  (EOT) --- 
N U W  ENU, NEX'I' UA'I'A SE'L I V ~ ?  ('EOTj CO exit  - ---- 

b . )  Load t h e  o b j e c t  code from 15 d i s k  t o  910 

REQ, INQ OR ZAP? REQ (EOT) 

LIBRARY NAME(S)? S D S  

USER TASK NAME? LOADER (EOT) --- 

DATA S E T  N W ?  N S 9 1 0  (EOT) --- 
NORMAL END, NEXT DATA S E T  NAME? (EOT)  t o  exit - ---- 

Figure  15. 'Example of loading  910 o b j e c t  code on to  t h e  15 d i s k  
and t r a n s f e r r i n g  i t  t o  t h e  910. 



E.  Data S e t  and F i l e  Organiza t ion  

The programs f o r  experiment c o n t r o l  r e q u i r e  two d a t a  sets: 

one t o  c o n t a i n  t h e  scan  f i l e s ,  and one t o  c o n t a i n  t h e  count f i l e s .  

Each f i l e  on t h e  scan d a t a  s e t  can be thought  a s  con ta in ing  one 

scan .  S imi l a r ly ,  each f i l e  on t h e  count d a t a  s e t  can be thought  

a s  con ta in ing  one spectrum, except  f o r  doublerock f i l e s .  

Upon inpu t  t h e  l a b e l  SCAN N i d e n t i f i e s  t h e  nth f i l e  on t h e  

scan  d a t a  s e t .  This  number i s  r e f e r r e d  t o  when updat ing  o r  modifying 

Each spectrum p r i n t e d  on t h e  t e l e t y p e  i s  i d e n t i f i e d  by t h e  l a b e l  

FILE M. T h i s , i s  t h e  f i l e  on t h e  count  d a t a  set con ta in ing  t h e  spectrum. 

When dupping d i s k  o r  p l o t t i n g  t h i s  i s  t h e  i d e n t i f y i n g  f i l e  number f o r  

f 

t he  spectrum. 

I f  sav ing  da t a ,  t h e  number e n t e r e d  f o r  STARTING FILE i s  t h e  f i l e  

where t h e  spectrum w i l l  be s t o r e d .  F i l e s  1 through m - 1  a r e  s t i l l  

a v a i l a b l e  t o  t h e  u s e r .  F i l e s  g r e a t e r  t han  m a r e  no longer  a c c e s s i b l e  

a i  each  f i l e "  con ta in s .  a p o i n t e r  t o  the next  f i l e .  
, . 

For doublerock experiments,  each f i l e  con ta in s  both spec t r a :  

scans  one and two r e s p e c t i v e l y .  These s p e c t r a  a r e  w r i t t e n  over  a s  

t h e  scans  a r e  r epea t ed  s o  t h a t  on ly  t h e  l a s t e s t  s p e c t r a  a r e  s to red  

on t h e  f i l e .  I n  a l l  o t h e r  ca se s ,  each f i l e  c o n t a i n s  t h e  spectrum of  

i t s  r e s p e c t i v e  scan.  

Each f i l e  a l s o  con ta in s  an experiment i d e n t i f i e r .  Thus s p e c t r a  

from d i f f e r e n t  experiments  can be saved on t h e  same d a t a  s e t  without  

any probfems. , 




