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ARSTR.ACT. 

A v a r i e t y  of t h e  g a s  phase  r e a c t i o n s  o f  ba r ium 

and t i n  atoms have  been s t u d i e d  u s i n g  a c r o s s e d  m o l e c u l a r  

beams machine wi th '  a  u n i v e r s a l  quadrapo1.e mass f i l t e r  

based  d e t e c t i o n  sys t em i n c o r p o r a t j . n g  a t i m e - o f - f l i g h t  

(TOF)  s p e c t r o m e t e r  f o r  v e l o c i t y  a n a l - y s i s . .  Center -of -mass  

(CM) r e . a c t i v e .  prodi lc t  r eco i .1  a n g l e  and r e l a t i v e  r e c o i l  . 

, ene rgy  d i s t r i b u t i o n s  have been measured f o r  t h e  f o l l o w i n g  

r e a c t i o n s :  1) B a  + N20 -- BaO + N 2  2 )  B a  + C02 -- B a O  + 

C O  3 )  B a  + 0;  -- B a O  + 0  4 )  Sn + C 1 2  -- SnCl + C1. 
. . 

and 7 )  Sn + C C 1 4  -- SnCl + C C 1  3 ' A t . r e l a t i v e  c o l i i s i o n  

e n e r g i e s  below - 1 5 k ~ m o l e - l ,  t h e .  B a O  p r o d u c t  o f  r e a c t i o n  1) 

i s  ' s e e n  t o  be s h a r p l y  backwards . s c a t t e r e d  w i t h  o n l y  10  t o  
. .  . . .  

2@L o f  t h e  t o t a l  a . v a i l a b l e e n e r g y  i n  . p r o d u c t  r e c o i l  e n e r g y .  

These  r e s u l t s  a r e  c o n s i s t a n t  w i t h  n e a r  1.00"/o e f f i c i e n c y  

f o r  p r o d u c t i o n  o f  e l e c t r o n i c a J - l y  e x c i t e d  BaO.  E v i d e n c e .  

o f  a s i g n i f i c a n t  c f f c c t  o f  N20 v i b r a t i o n a l  c n c r g y  on t h c  

t o ' t a l  r e a c t i v e .  c r o s s  s e c t i o n ,  ' is  p r ~ s e n t e d .  R e a c t i o n  2 )  , 

a t  c o l l i s i p n  e n e r g i e s  as h i g h  as j l k ~ m o l e - l .  and  r e a c t i o n  

L! 3 ) .  a t  a c o l l i s i o n  e n e r g y  o f  .13k~rnole-1,  b o t h  seem t o  
, . . . 

proceed  v i a  a  l o n g - l i v e d  complex; and t h e i r  p r o d u c t  

r e c o i l .  - e n e r g y  d i s t r i b u t i o n s  a r e  r e s o n a b l y  w e l l  f i t  by t h e  

t r a n s i t i o n  s t a t e  t h e o r y  o f . H e r s c h b a c h  e t .  a l .  No e v i d e n c e  

o f  a C02 i n t e r n a l  e n e r g y  e f f n c t  on t h e  t o t a l  r e a c t i v e  
. . 

c r o s s  s e c t i . o n  f o r  r e a c t i o n  2 )  was found .  'The SnC1 p r o d u c t  
. . 



o f  r e a c t i o n  4)  was predominately fo rwa rd  s c a t t e r e d  with l ow ,  

p r o d u c t  r e c c i l .  e n e r g y ;  t h e ,  S n l  p r o d u c t  o f  r e a c t i o n s  5 )  'and 

6 )  were s h a r p l y  backwards s c a t t e r e d  w i t h  r e l a t i v e l y  h i g h  

r e c o i l  e n e r g i e s ;  t h e  ~ n ~ l ' p r o d u c t  o f  r e a c t i o n  7 )  w a s  

s i d e w a y s  s c a t t e r e d .  Thus t h e  r e a c t i o n s  o f  t i n  a toms 

s t u d i - ~ d  h e r e  a r e  v e r y  s i m i l a r  t o  t h e  c c r r e s p o n d i n g  a l k a l i  

and  alkal. i n e  e a . r t h  m e t a l  a tom r e a c t i o n s .  A min icompute r  

i n t e r f a c e  f o r  c o l . l e c t i o n  and d i s p l - a y  o f  TOP s p e c t r u m s  

and  p r o d u c t  angu1a.r d ~ s t r l b u . t i o r i s  wa.s built usi l l ( :  a D ig i l a l .  

Equipment Corp .  P D F ~ / ~  computer  and i s  d e s c r i b e d  he re '  i n  



: , 

INTRODUCTIOK ' ' 

Th5s r e p o r t  d e s c r i b e s  a  t i m e - o f - f l i g h t  s p e c t r o m e t e r  

sys t em f o r  a c r o s s e d  molecul .a r .  beams ma.chine u t i l i z i n g  

a P D P ~ / ~  computer  f o r  on- l . ine  c ,o l l . ec . t ion  and d i s p l a y  o f  

d a t a .  . D e t a i l e d .  d e s c r i p t i o n s ,  c i r c u i t  d i a g r a m s ,  a n 6  

program L i s t i n g s  a r e  p r e s e n t e d .  T.his r e p o r t  c o n s t i t u t e s  

a c h a p t e r  from t h e  a u t h o r s  t h e s i s ,  and i s  F r i n t e d  as  an 

IS. r e p o r t ' .  s o  t h a t  t h e  s y s t e m ,  r e m a i n i n g  a t  ISU, may be 

. . u n d e r s t o o d .  The a b s t r a c t  l i s t s  t h o s e  chemica l  r e a c t i o n s  

t h a t  h a v e b e e n s t u d i e d  w i t h .  t h i s  s y s t e m  w h i l e  a t  ISU. 

F u r t h e r  d e t a i l  on t h e s e  s t u d i e s  may 'be  found i n  t h e  a u t h o r ' s  

t h e s i s ,  f rom t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  ~ e r k e l e ~ .  
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APPARATUS AND EXPERIMENTAL 

A. General Description 

The cros.sed molecular beam machine used in this investigation 

1 
i s  a modification of one designed by Y. T. Lee , and the details of i t s  

.5 
design 'cr i ter ia  and'construction have already been discussed by, R. 

2' 
' ~ e h r e n s  , who was responsible for the building of this apparatus. For  

the' benefit of the reader ,  a brief description'of the machine will b e  giyen 

he re  along with a m o r e  detailed description of the portions of the experimental 

set-up for which the author was responsible. 

The two molecular beams a r e  produced in two source .chambers 

a s  shown in figure 1 witla the following exception ; the source in 

source chamber 2 is not a nozzle gas source a s  shown .but a high 

3 
temperature oven designed by A. . Freedman, described in h is  thesis  , 

. . 

arid shown in figure 2. 



Fig.  1 A. T.op Cross Sectional View of the Apparatus 



Figure  IA. ' Top C r o s s  Sectional View of t h d ~ p ~ a r a t u s  

1. , Detection Chamber No. 1 . 
2. ~ e t e c t i o n '  Chamber No. 2. 

3. .Ionization Chamber. 

4: Collimation Chamber 1, 

5. Collimation Chamber 2. 

6. Source Chamber 1, 

7. Source Chamber 2. 

8. Detector Chamber 1 entrance s l i t .  

'9.  Detector Chamber 2 'entrance slit.  

1 0. Ionization Chamber entrance slit. 

I 1. Beam 1 Collimating slit. , 

12. , Beam 2 Collimating slit. 

13. Skimmers 

14. Nozzles 

15. Heating or  cooling fluid tubes. 

16. Gas inlet. 

17. Beam k'iag I.  

18. Beam chopper 

i.7. Beam Flag .  2. 

20. T ime -of -flight wheel. 

21; Liquid nitrogen cooling. 

22. Main chamber .  



~ i g .  1 B. C r o s s  Sectional  View of t h e  ~ ? ~ a r a & s  

a. 



Figu re  IB. C r o s s  Sectional ~ ' i e w  of . the  Apparatus  ., 

. . 
1. Main chamber.. 

2, Coll imation chamber  No. 2 

3. s o u r c e  chamber  No. 2.' 

4,e Detector  chamber  No. 1. 

5. .Detec tor  chamber  No. 2 
. . 

6. ~ o n i z a t i o n  chamber .  

7. Nozzle sou rce  No. 2. 

8. Beam sou rce  No. 1. 

9. Rotating de tec tor  lid. 

10. Gate 'valve dr ive  rod. 

1 1, '. Detector gate valve. 

Liquid nitrogen 'cooling r e s e r v o i r s .  

Rotating ring,  

~ o t a t i n ~  lid. 0 - r ing '  seal. 

Kaydon KG350XPO 35 inch bearing.  

Bear ing r e t a ine r  ring. 

Tec-Ring s e a l s  No. A-01 926. 

Ionizer 

EAI Quad 250 quadrupole mass f i l ter .  

..'J 
20. Quadrupole exit  lenses .  

. . 

' 2 1. EM1 95 24s photomultiplier tube. 

22. P i lo t  B plas t ic  scinti l lator.  

.23. High voltage cathode. 

24. T ime  of flight c'hopping wheel. . 

25. IMC t i m e  of flight motor.  



Figure IB (cont'd). 

26. Access port. 

27. Detector chamber 1 entrance slit. 

28. D-etector chamber 2 entrance slit. 

29. Ionization chamber entrance slit. 

30. Cold shield. 



HIGH TEMPERATURE OVEN 

-C, Cu BLOCK. 
(Water  Cooled 1 

M I C A  INSULATORS 

' Fig.  2 



~ r i e f l ~  i t  consists of , for  the barium experiments, a 'molydenum 

. crucible,  1. 9 dm in dia and 25 c m  long, that holds the charge, with a 
- 

0.025 c m  slit 0.5 c m  long cut in the face as  shown. The lid of the'  

crucible i s  welded shut to.prevent any barium effusion o r  creepage f rom ;I 

the top of the cruciblc,  a problem with press  fit lids. The crucible is  

heated radiatively by molydenurn resis tance heating coils wound around 

i t  operating a t  typical power levels of between 1 and 2 kW depending 

on the desired temperature.  Wound around, but not touching, the 

' 4  
heating coils i s  a layer  of a r c o r  insulation, which i s  contained by. a 

copper cold shield connected to water cooling. In front of the o.ven i s  a 

solenoid operated beam flag. ' For the tin experiments the molyden 

crucible had to be replaced because the molten tin li terally dissolved 

and alloyed with the molydenurn. At f i r s t  a quartz 1iner.for the ~nolydenum was 

tried, but the tin reacted with the quartz, turning it white and crystaliine 

and producing 'a s trong tin oxide component to the beam. Finally a 

crucible almost identical in design to the molydenum one but made from 

graphite was t r ied  with great  success. This crucible, shown in figure 3, 

employed a p r e s s  fit lid which showed no signs of leaking, and could be 

easily reopened after  a run without damaging either the lid o r  the crucible. 

Fur thermore  the graphite showed no signs of being attacked o r  penetrated 

by the tin (the old crucible showed signs of the tin diffusing through the 
i- 

,moly .so that the whole surface acted a s  a source ra ther  than just the slit). ' 

The s l i t  in the g:raphite crucible was cut by mechanical means, ra ther  

than the electron beam discharge cut ter 'used on the molydenum, for this reason 

' ,  . i t  i s  wider -"' 0. 5 c m  versus  0. 25 c ~ L  ; 
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Since this oven certainly doesn't need the benefits of a differently 

: pumped collimation chamber, the inside source chamber pa r t  7 of 

f igure 1 i s  removed and the oven source i s  mounted in the collimation 

chamber 2 which becomes the source chamber now pumped by the 10" 

s ide  chamber oil  diffusion pump through a 20" dia stainless steel el 

. shaped chamber. The mounting i s  such that the s l i t  in the crucible i s  

16. 2 c m  f rom the collimating sl i ts  (1 2 of figure 1 )  and 8. 5 c m  f rom the 

beam collision region. The collimating sl i ts  a r e  two s t r ips  of Ta 

ribbon 0.2 c m  apar t  and the geometry i s  such that the beam has an  

angular FWHM of 1. 83 degrees and a spe eial FWHM at the collision 

region of 0.Z cm for  the barium experiments and the same  for the tin 

experiments. ( F o r  the tin experiments thekumbra i s  smal ler  and the 

penumbra l a r g e r ,  .giving the s a m e  FWHM. 

The other change involves the removal of the inside source chamber 1 

(pa r t  6 figure 1 ) and the remounting of the supersonic nozzle sk immer  

assembly  (for  a description s e e  ref 2) on the collimation chamber an the 

back face of the now removed collimating s l i t s  (par t  11). This was done 

in o r d e r  to inc rease  the intensity of the nozzle beam a t  the collision zone 

since i t  now placed the skimmer opening only 2.76 c m  and the nozzle 

(which can be  moved back and forth with respect  to the sk immer)  at  

a typical 4. 11 c m  f rom the collision region, com.pared to previous 

sk immer  and noz.zle distances of 10. 5 and i l .  9 c m  respectively. Since 

t h e  intensity of the beam falls off a s  the inverse of its distance to the 

collision zone squared one would expect an 8 fold i sc rease  -in signal and 

alternations in the new configuration. The.best  way to  compare beam 

intensity in. the two configuratidns i s  to  look &t Itow much the nozzle beam 

attenuates the  oven beam. In the old configuration we could never real ly 

measure  any substantial  attenuation, l e s s  than . l%, unless the source 



pressure  was turned up so high a s  to swamp the diffusion pump o r  the 
. . 

nozzle moved very  close ( l e ss  than 2 nm) to the skimmer (both procedures 

causing adverse .broadening of the beam sp'eed distribution). Fur thermoie ' in  
. . 

w . . the old configuration the nozzle beam never made any measurable r i se  

in.the main chamber pressure  suggesting that not much beam was getting 

into the kain 'chamber ,  In the new configkration we typically run with 

. between 1 and 470 attenuations with reasonable source p ressures  (between 

:200 and 300 t o r r )  and turning on the beam would cause the main chamber 

- 7 
pressure  to r i s e  from a typical background pressure  of 4 x 10 t o r r  to 

between 1 and 2 x tor r .  This i s  just the p ressure  r i s e  expected 

according to a -sinlple calculation based on the measured attenuation 

and main chamber pumping speed estimates. Some of this improvement 

was due to the use  of la rger  diameter nozzle and skimmer orifices, and 

was made a t  the expense of beam angular res,olution; the new configuration 

was calculated to have a FWHM anglilar spread of 7 "  compared to the old 

configurations 0. 83. The 7 " wide beam i s  suitable for reactive scattering 

where fine angular resolution i s  not needed, but is unsuitaljle for some 

elastic scattering studies where 'poor angular resolution would wash out 

the details of the angular distribution ( see  ref. 5). Another dis'advantage 

of this configuration i s  that there is now no 'room for the beam flag and 

beam chopper a s  shown in figure 1 (par ts  17 and 18), and to chop the 

beam a solenoid, (actually' a relay),  with a metal  flag attached, is mounted 

on, the chambcr fact of the collimation chamber s o  that when not 

energized i t  blocks the b e a d s  path to the collision zone and when energized 
. . 

i t  allows the beam to pass. The disadvantage is. that when blocked the 

deflected b e a m  st:ill passes into thc main cllarrlber in the vicinity of the 

collision zone and might react  with the bar ium'or  tin on surfaces surrounding. ,  

the collision zone, either the collimation chambers o r  the detector. The 



products of these surface reactions might be.picked up by the detector 

and cause negative signals i.e.signals l a rge r  when the beam i s  off than 

on, that would invalidate the single collision reactive signal desired. 

No evidence'of this problem was observed except with the bromine 

t ime of flight experiments discussed later.  Also discussed later ,  in 
. . 

Appendix I, a r e  the detai ls .  of the nozzle beam geometry. 

With t he  inside source  chamber 1 removed, the nozzle beam is  

pumped by both the 10" CV C oil diffusion pump via the e l  chamber and 

the 6" NRC oil diffusion pump at the bottom of the collimation chamber. 

(The 10" pump i s  backed by a KUM-65 mechanical and a KMB 230 

booster pump; the 10" diffusion pump on chamber 2 by a KDIvI-80, 

and a l l  other diffusion pumps by KC - 15 mechanical pumps manufactured 

by Kinney vaccum. ) Typical source chamber. 1 pressure  while operating 

-4 the no'zzle i s  2 x 10 f o r r .  ' 

Th'e two beams pass into and collide in the main chamber made, 

a s  a r e  aimost al l  components of this machine that a r e  ill vaccun?, of 

s tainless  steel, and pumped by a cyrogenically baffeled 10" CVC oil 

d3ffusion pump and indirectly by a 6 "  NRC pump. Typical main chamber 

-7 
background p ressure  is  5 x 10 tor r .  ' lhe  s ize of the main chamber, 

132 c m  x 130 c m  x 84 cm, was dictated by the size of the rotating lid, 

housing the detector. Inside the main chamber, encompassing the region 

that the detector rotates  in, is a cyrogenicalty cooled copper cold shield, 

affording large pumping speed for condensible gases (LNZ temperatures.). 

(The a r e a  between the cold shield and main chamber is a semt-sealed 

region pumped by the aforementioned 6" NRC oil diffusion pump 2nd the 

nozzle.beam s t r ikes  a beam deflector and is pumped out through this 

region unless the detector i s  in the way. ) 
. . 



The detector is .housed in a t r iply differentially pumped cyrogenically 

cooled vacuum chamber made of s ta inless  s tee l  and mounted on an  89.cm 

dia lid in a horizontal plane defined by the two beams, f rom -8" to  105" 

where 0" is defined a s  the nozzle beam (soUrce 1.). The rotating s e a l  . 

.consists of two Teflon Tec-Ring gaskkts (Tec  Seal Corp  ). The detector 

entrance s l i t  (figure 1 par t  8)  is  0.380 c m  square  and 4.44. c m  f rom the 

. . collision zone, (for measuring the  beams another s l i t  i s  available which 

is only 0.008 cm in diameter  t o  'decrease  the  intensity of incorning gas 

and prevent overload of the detector).  This chamber is pumped by an  

Ultek 150 l / s e c  ion pump,. backed by a titanium sublimator,  and the  
. . 

next chamber ( 2  on figure 1)  surrounds the ionizing chamber  and i s  

pumped by a Vecco 2'25 l / s e c  ion pump, backed by a t i tanium electron 

beam sublimator. The third chamber  ( 3  of figure 1 )  houses the  ionizing 

of the m a s s  spectrographic detection system, is liquid nitrogen 

cooled, and pumped by a Vecco 100 l / s e c  noble gas pump and by a liquid 

He pump not used in these experiments.  . . typical background p r e s s u r e s  

in this' chamber a r e  2 x t o r r .  The detection sys tem consis ts  of an 

axial electron bombardment ionizer housed in chamber  3 and constructed 

'so that par t ic les  f rom the  collision region which enter  and a r e  not ionized 

pass  out through the back, a r e  .pumped away in chamber 2, arid do not 

contribute to  the background gas nea r  the ionizer. Pa r t i c l e s  that a r e  

ionized a r e  drawn out and focussed by an  electrostat ic  lens sys tem 

to  enter  a quadrupole m a s s  f i l te r  and ians' of the s e lected.mas s a r e  

passe'd out the back of the  quadrapole and accelerated by a pa i r  of lenses  

to  s t r ike  an aluminum plated cathode held a t  minus 30 kV with respec t  

t o  the energy of the ions. The resulting shower of ejected electrons 

a r e  accelerated and s t r i k e  an aluminum coated plastic scinti l lator causing 



a shower of photons which a r e  coupled to  a photomultiplier 'tube (EM1 

95245) producing' a. cu r ren t  burs t  a t  the output for each ion produced in - 

the  ionizer. The advantage of this. system over using an electron 

multiplier t o  m e a s u r e  the ions i s  twofold: f i r s t  the P M  i s  sealed and . 
- 

therefore  not .subject to ra ther  rapid degradation (by the corros.ive gases 

used in some experiments)  a s  open electron r n ~ l t i ~ l i e r s ' a r e .  Second, each ion 

that s t r ikes  the Al cathode pr&es many electrons (estimated 2 to 6 )  which, . , 

when they s t r ike  the plastic scintillator, (pi lot  B) produce about 12 photons; 

therefore  each ion produces a burst of about 50 photons, and the problem 

of discriminating ion counts f rom s t ray  light photon background counts 

becomes ve ry  easy, A disadvantage was that the high. voltage needed for  

the cathode would cause electr ical  interference, by some form of non- 

sustaining discharge phenomen, that would cause  the computer interface 

t,o malfunction, This was completely solved by electrostatica.1l.y sh.i.elding 

a l l  conductors of the high voltage inside the vaccum chamber. The current  

burs ts  from the P M  tube a r e  counted electronically by a sys tem described 

later .  The ionizer used for the barium experiments, s imi lar  in  design 

6 2 
t o  that of Brink and designed and described by Rehrens , was normally 

operated at an. electron energy of 60 V', electron current  of .between 10 

and 15 mA and had an  estimated ionizing region'length of about 4 cm. 

The ionizer for  the tin experiments,  an  Extranuclear T,abs Model 041 -1; 

was normally operated a t  100 V electron energy and 5rnA emission, 

and had an est imated ionizing length of 0.5 cm. For  looking a t  the beams 
/ 

the emission. was dropped to  between 1 U y A and 100y A for  both ionizers. 

Although not carefully measured (a  difficult procedure),  the typical 

ionizing efficiency of this type of ionizer l ies  betweenO.O1 and 0. 1 so  

the probability of ionizing a particle i s  directly proportional to the length 



of t ime it spends in the ionizer and therefore inversely proportional to the 

particles velocity causing the detector to measure  a number density a s  
. . 

oppossed to a flux. (Par t ic les  pe r  sq. c m  per  sec. t imes  inverse velocity 

bias equals particles per  cubic cm. ) The quadrapole m a s s  fil ter used 

for the barium experiment was an Electronics Assoc. h c .  Model Quad 250 

along with i ts  associated driving electronics. The quadrapole used in 

the tin experiments was an M r a n u c l e a r  Labs Model 4 -270-9 with Models 11, 

. 13 and 15 Hi-Q heads and Models 020-2, and 01 1-1 5 driving electronics. 

The motivation for the change was. hoped increased sens'itivity of the 

companion- ionizer, better resolution of the m a s s  fil ter,  and m o r e  accurate  

and stable m a s s  selection ( the EAI mass  f i l ter 's  calibration was non- 

l inear  and changed frequently enough to  make hunting for a m a s s  peak 

an  annoying procedure). 
. . 

B. AC Syncronou's Detection 

Along with the. reactive signal coming f rom the collision region there  

i s  also present  at the output a background signal due to  background gas 

in the detector or  in the main chamber. One way to subtract  out this 

background, o r  baseline, i s  to measure  it before the beams a r e  on,and 

subtract that quantity ,from al l  la ter  measurements ,  but this a s sumes  

that the baseline is' constant with time. A better method, the one used 

here  i s  to constantly measure  this baseline by periodically interrupting 

the nozzle beam and accumulating the baseline count in one se t  of counters 

and the signal plus baseline cour?t, when the beam is  not interrupted, 

in a different se t  bf counters. The difference between the two will  

then be that portion of the signal that ,depends on the collision of the beams 

wit hoqt any added baseline. (An even better method, judged too cdmplicated 

i r i .  this application, would be to  chop both beams and .measure  the signal 



a t  the beat of the two chopping frequencies; this would subtract a l l  

components of the signal not dependent on having both the beams on and 

colliding. ) ~ h e ' d u t ~  cycle (t ime of beam on/total tim.e) was chosen to  be 

50% for  reasons  of simplicity. (5Wo i s  not always the optimum duty cycle: 

i f  the baseline i s  v e r y  smal l  o r  zero  there  i s  of course no point in 

measur ing  i t  s o  the optimum duty cycle would be 10Wo. It can be shown, 

appendix 11, that the optimum duty cycle is equal to  (s+B) / ( s + ~ E )  where 

S and B a r e  the signal and baseline ra tes  respectively. ) Although one 

would like to have a high chopping frequency so a s  to  average out fast  

dr if ts  in  the baseline, the  frequency is limited by the spread in flight 

t imes  of the beam part icles  f rom the  chopping mechanism to the collision 

region and to the  detector. There may be a sharply defined burst  of 

par t ic les  at the chopping mechanism but since some t ravel  fas ter  than 

o thers ,  both in the beam and af ter  they have reacted a t  the collision 

r,egion, thcy may get to  the detector before the slow part icles  f rom the 

previous pulse a r r ive ;  the phase information has 'been lost and syncronous 

detection won't work. F o r  an idea of the t ime sca le  involved we make 

the m o r e  stringent requirement  that we will 'disicard a l l  coynts obtained 

fo r  that amount of t ime past  each beam on o r  off t r a n s ~ t i o n  such that a l l  

but the slowest few percent  of the part icles  in the beam have t ime to get 

t o  the detector, With a typical distance of 7 c m  and typical slow velocity 

3 
of 5 x 10 c m / s e c  we get 1.4 msec ,  so a chopping frequency of 180 'Hz 

.would be wasting half the counting t ime on waiting for this "dead time1'. 

In the original configuration of this machine,the beam was chopped 

using a motor driven wheel with slots in it that  interrupted the beam-in . . 

the collimation chamber a s  shown in figure 1 '(part 18). An advantage 

of this system was that when the beam was chopped off a l l  of i t  was 

pumped away in the collimation chamber and none got into the main 



chamber to  cause the previously discussed negative signals. f r o m  sur face  

reactions.  (A l e s s e r  .advantage i s  that only half the total beam winds up 

i n  the main chamber a s  background gas. ) A disadvantage was  that the  

motor  wa.s inside the source  chamber and the relatively high concentration 

of cor ros ive  gases  (when running such gasses  in the nozzle) caused frequent 

fai lure  of the motor  bearings. Another disadvantage was, a s  previously 

mentioned, the nozzle had to  be fur ther  away f rom the collision zone 

cau sing 1.ess beam intensity, s o  it was moved u p  to  the collimation chamber  

face and the new beam chopper, mounted in ' the  main chamber,  was  used. 

This beam chopper . ( the metal  flag mounted on a relay)  i s  much s lower 

that the rotating wheel because, mechanically, the relay won't move 

much fa s t e r  than a few cycles p e r  second. A chopping period of 200 msec  

on and 200 m s e c  off .was chosen with 20 m s e c  thrown out a t  each t ransi t ion 

to  allow the flag to  move into position and the t rans ien ts  (the flag osci l la tes  

slightly) to die down. (The chopping frequency could be made  much s lower,  

a l l  the way to  DC, but problems would develop with the  computer interface 

to  be  discussed later.  ) 

C. Time of Flight Spectrometry 

The sys tem described so  f a r  measures  the reactive signal a s  a 

function of sca t te red  angle. It i s  a l so  useful to measure  it a s  a function 

of the velocity of i t s  constituant particles.  F o r  inelastic scat ter ing studies 
, . 

this velocity distribution, giving a t ranslat ional  energy distribution, would 

be helpful in elucidating .the energy t r ans fe r  mechanism being studied. The 

t ranslat ional  energy distribution ,of react ive scat ter ing would a lso  be 

helpful in elucidating the total. reactive product energy partitioning, an 

important p a r t  of microscopic -kinetics. Finally the  velocity distribution 

of the beams and scat tered signal a r e  needed to ' fo rm the ~ e w t o n  d iagram 
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and transform the differential cross section from the lab to the more 

meaningful center of mass frame of referekce (see chap. 3) .  Therefore 

i t  would be advantageous to have some device that specifies or selects 

. velocity in conjuncture with the rotatable lid that selects angle. 

Conventional velocity selectors operate on a time of flight principle 

and consist of arrays of slotted disks, arranged in series on a common 

shaft, and spun by a variable RPM. motor. The disks a re  precisely 

aligned so  that only those particles within a certain small velocity range 

will traverse through the slots without hitting .any of the tines and being 

deflected out of the path to the detector. The selected velocity range is 

varied by changing the motor R P M  and the resolution is given by the 

. construction of the slotted disks. These selectors a re  .however, too 

big to incorporate in most rotatable detector molecular beam machines, 

and furthermore sirice it takes considerable time to complete a velocity 

sweep, changing beam conditions could distort the measured velocity 

distributions. A much simpler way to obtain velocity information is hy 

means of a single slotted disk. spun.. so  that it allows short bursts of 

molecules to  enter the detector.. Each of the molecules in the burst 

travels the distance, d, between the slotted disk and the ionizer portion 

of the detector, where they a re  ionized and quickly detected. It is 

obvious that the faster  one*get there sooner than the slow ones. The 

signal at the detector therefore consists of a burst of counts, where 

each count is  delayed from the initial pulse by a time t = d/v, being 

the velocity of the particular molecule being counted and d being the 

distance f rom the slotted disk and the detector. This "time of flight 
. . 

spectrum1', i. e. the intensity of counts as a function of flight tim.e, can 

be inverted to obtain a. velocity distribution, since the 'flight distance, d, 



ie known. See eq 1 w h e r e  I(t) and I(v) a r e  intensi t ies  as a function c ~ f  

t i m e  and velocity respectively.  -. 

. . 
Notice that  the  resolut ion f o r  th i s  method of veloci ty  m e a s u r e m e n t  

v 2 
is p o o r e s t  f o r  highest  ve loc i t ies  i. e. dv = - di  -. d 

The slotted disk, shown in figure 1 a s  p a r t  20 and called the "time-of- 

flight" wheel (TOF wheel) i s  mounted below the detector s o  that  the s lots  

pass  direct ly  in front of the detector opening. (The wheel i s  s-pun by an 

AC synchronous hys teres is  niotor, ) It is' 14 c m  in diameter  and the  d iameter  

to  the center  of the detector opening is 13. 2 c h .  The perfect  TOF wheel 

would let  through an infinitely nar row (both t ime  and therefore special)  burs t  

of par t ic les  fo r  maximum possible t ime,  and therefore  velocity, resolution. 

'1t would a l so  have an unusable z e r o  t ransmission,  defined a s  percentage 

open time. If the fractional t ime'resolut ion is  defined a s  the open t ime  for 

each siot (being equal to the uncertainty in s tar t ing t ime for each bur s t  of 

particles.) divided by the period between s lots  (being the total  t ime  sca le  of . . 

t'he TOF spectrum),  it i s  obvious that the fract ional  t ime resolution i s  

equal to  the t ransmission.  It can a lso  be seen  that the absolute sesolutinn 

i s  given by the f rac t ion ' t ransmis  sion t imes  the  wheel period divided by the 

number of slots.  It i s  a l so  given by wheel per iod t imes  slot width divided 

by total  wheel c'ircumference. If, the fractional resolution is made  be t te r  by 

decreasing the slot s ize  then the t ransmiss ion  will suffer; if the t ransmission 

i s  then made l a r g e r  by increasing the number of s lots  then another problem, 

wrap-around, will occur. Wrap-around occurs  when tke bur s t  of par t ic les  



f r o m  one slot comes  before a l i  the part icles  f rom the previous burst  have gone 
Y 3 

the  flight distance and been counted by the detector, thus falsely showing 

u p  a s  ve ry  high velocity part icles  ra ther  than their  t r u e  slow v-elocity. The 

ac tual  design of the wheel was chosen a s  follows. First the gate function, 

the t ransmiss ion  of the  wheel a s  a function of t ime, actually depends on 

the s i ze  of the hole in the  detector a s  well a s  the slot s ize of the wheel, In 

fact  the  convolution of the square slot pass ing  in front of the square  detector 

hole produces a trapezoidal gate function. In the c a s e  of equal' s izes,  the 

design chosen was both equal to, 0.38 cm, the gate function is a triangle. 

If the  wheel slot s i ze  i s  made much smal ler  than this the t ransmission 

( for  a given wrap-around condition) will suffer while the fractional resolution 

will  now, due to the convolution with the hole in the detector,  not get much 

better.  (Example: i f  the slot i s  halved in s ize  the t ransmission i s  halved but 

the gate function total. width i s  only decreased by 2%). If the slot is made 

much l a rge r  the resolution will suffer, so equal s izes  were  chosen a s  a 

compromis'e. The number of slots was governed by t h e  maximum RPM of 

the motor  and the requirements  of wrap-around problems, The rnaxirnurn 

motor  RPM was about 12500 because above that vibration of the motor was 

t ransmit ted through the lid to the ion pumps causing p ressure  bursts  and 

instabili t ies and increasing the background count rate.  Thus a t  maximum 

RPM, and therefore  maximum absolute resolution, the wheel period was 

4. 8 msec.  In o r d e r  to  give a TOF spertrnm length of 1. 3. m s t c ,  owry 

adequate protection against wrap-around even for  the heaviest and therefore 

slowest molecules such a s  tin iodide, a wheel with four slots was chosen, 

each slot being the previously mentioned0.38 c m  wide, Another good choice 

would have been s i x  s lots  giving a minimum TOF spectrum length 0fO.8 msec ,  
. . 

but this would have necessitated slowing the wheel down and decreasing the 

absolute resolution when wraparound became a problem. (The wheel must  

have an  even number of s lots  for  reason of balance and for  reasons pertaining 



to the interface .to the computer. ) . F r o m t h e  above design it  can be seen 

that, the wheel has a t ransmission of 3, 770 and a minimum gate function of 

4 
0.44 ps ec s 'FWHM.. ('For a velocity of 5 x 10 c m / s  ec this i s  a resolution 

. . 
4 2 2 

of (5  x 10 ) (4.4 x 1 0 - ~ ) / 1 9 .  3 = 5.7 x 10 cm/sec ,  w h i c h  i s u s i n g  the previously 

2 
1 

given equation dv m V dt/d. 

Not yet mentioned in this discussion i s  the flight distance d, which i s  the 

distance f rom the, TOF wheel to  the center  of the ionizing region of the 

ionizer. There i s  an uncertainty in the flight distance given by f 112 the 

length , . of the ionizing region.  or the barium experiments the average d 

and uncertainty a r e  19. 3 and f 2 c m  and for  the tin experiments 18; 85 and 

3 
f Q250cm owing to the different ionizers used . The gate function (uncertainty 

in flight t ime 'due to uncertainty in starting t ime)  ,and the length of the ionizing 

region (uncertainty in flight distance) cause the measured TOF spectrum 

to be broader than thc f rue  spectrum. In fact the measured  spect rum is  a 

complicated two dimensional convolution of the t rue  spectrum with the . . 

. gate function and the ionizer length. A program to deconvolute the measured 

to  obtain.the t rue  spectrum has been written by A. Freedman and is discussed 

' 3  
in his thesis  

A TOF parameter  of l e s s e r  importance i s  the delay t ime f rom ionizing 

a particle aiid detecting it a s  a pulse f rom the photomultiplier, basically 

the t ime i;t takes an ion to drift through the quadrupole a t  some giv.en ion 

energy V (measured a s  the difference in potential between the ionizer grid 

and the quadrupole o r  ground). Since the actual fields involved a r e  not known, 

the delay t ime can be given approximately by the equation t ( m )  = k GV 
: 2 

( M v  aV, tal!v. s o  t a WV ) where M is  the ion m a s s  (gm molecular 

weight) and V i s  the ion energy (volts). I f t h e  TOF spectrum of species 



of two different m a s s ,  yet  assumed s a m e  velocity distributions, a r e  

taken, ' t hen  the constant k can  be determined: . 

. . 

t ( ~ ~ )  - t ( ~ ~ )  = k f/Q - J T V _ I = b t  so 

k = A t  {{qV -~M,Iv~ where A t  i s  the difference in t i m e  between 

the peaks of the two '1'OF' distributions. F o r  example the TOF spcc t rums of 

t t 
S F  and SF5 , both f r o m  fragmentation of SF6 in the ionizer,  were  measured  

and the peaks differed by 15 psecs. Therefore k = 15 

- 5 
o r  1c = 2 x  10 sec v1IZgrn 

-1 12 valid for the tin experiments  (done on the 

- 5 
E N 1  ionizer  and quadrupole. ) F o r  thc bar ium experiments  k = 1 x 10 . 

F o r  a typical ion energy of 60V and m a s s  of 153 (BaO) this  would give an  

ion flight t ime of 16 psecs  a s i ~ ~ a l l  correction. 

D. Cross  Correlat ion TOF spec t rometry  

Another TOF 'technique, not used h e r e  due to  lack of t ime for coilversion, 

' 

i s  c r o s s  cor re la t ion  TOF spectrometry,  with the added advantage that the 

t ransrn is  sion i s  always 5 w o  r ega rd le s s  of the resolution7' 8i (50% transmission,  

compared  to 3. 770, would r equ i re  only 77'0 of the counting .time.; 

1 This  method would a l so  involve a slotted disk spun in front of the detector 

opening, a s  before,  except that the disk would be divided into 127 equally 
I ' 

spaced regions and the  presence  of a slot  o r  a t ime  would be given by a 

pseudo-random maximal  length binary sequence. These sequences of 

binary numbers  a r e  finite in length, N=?- 1, where  n is an integer,  and - 
p o s s e s s  many of the proper t ies  of random white noise. The auto correlat ion 

function for  each sequence, over the length of the sequence, approximates  

a del ta  function i e  i s  equal to -1 fo r  a l l  t ime  shifts other  than zero  for 

which i t  i s  equal to  N (d iscre te  sum ra ther .  than integral. The autocorrelation 

of t r u e  random noise is a delta function. ) Although the output of the detector 

will  now look like random. noise, the t ime  of flight spec t rum can be extracted 



by c ross  correlat ing the output signal with the pseudorandom gating function. 

Suppose we have a constant incoming signal of K gated by a gate function 
. .  . 

A = 112 (G. + 1)  where the subscripts denote d iscre te  s teps in t ime equal to  n n 

the t ime for one t ime o r -  slot to pass the detector hole and also equal to 

the bin t ime of the measuring system (discussed below). 

G i s  the pseudorandom sequence taking on values of t 1  o r  -1; 
n 

therefore An, the.gate function, takes on values of t1' o r  0 (open o r  closed). 

: The signal measured by the detector will be  the convolution of the gate function 

and the response function of the  particles i.e. their T O F  spectrum hn . 
N .  

Sn = K 5 1 /2(Gn - ,t i jh which i s  to say  that the signal a t  some t ime n 
m 

i s  equal to the gate function a t  t ime n t imes  the response function for zero  

t ime (infinite velocity) plus the gate function for previous t imes  multiplied 

by the response function for non-zero flight time; Now t o  extract the TOF 

spectrum, hm, we c r o s s  corre la te  Sn with Gn: 

N 
.G = N i f  b=O, = -1 if  bf 0, and but Ga-b a 

n= 1 



s o  TOF spect rum hp = 2RSG; /K(~+l )  

The advantage in  c r o s s  correlat ion TOF spectrometry a r e  mainly the high 

transmission,  5070, and the variable resolution se t  by the motor RPM ( and 

theroret ical ly a rb i t r a r ly  smal l  if it weren't  for the f ini te .s ize of the detector 

opening .and finite ionizer length. ) Another advantage can be seen by 

example when the c r o s s  correlation of the pseudorandom sequence and t rue  

random noise i s  taken and found to be proportional to the square root of- 

the sequence length, N. As seen above the c r o s s  correlat ion of a t rue  
. . 

signal i s  proportional to  the sequence length + 1. Thus the re  i s  , a n  improvement 
. . 

in  signal to  noise ratio, proportional to N . A disadvantage, also seen 

by example, is that s tat is t ical  noise f rom a la rge  peak in the TOF spectrum 

will  be sp.read out by the c r o s s  correlat ion to a l l  regions of the spectrum 

and possibly mask smal l  anci l lary peaks o r  a t  leas t  make their  signal to 

noise ra t io  worse. Thus this techniqu'e i s  most attractive when colorless  

TOF spectrum a r e  anticipated, and least  attractive when smal l  peaks of 

in te res t  a r e  dominated'by large peaks. Fur thermore  there  i s  the problem 

nf the design of the wheel. If the slot sizc is taken as  0. 38 cm for reasons 

given before, then the wheel most have 127 "slots" since this number must  

n 
he equal. to  ( 2  - 1 ): m where n and m a r e  integers. If a sequence length of 

127 (n=7) i s  chosen then only - sequence per  circumference i s  allowed 

( m = l ) ,  and this would mean that, at the maximum RPM of 12, 500, the 

TOF spectrum would be taken out t o  an unrealistically long 4. 8 msec. 

If a sequence length of 3 1 (n=5) i s  chosen then four sequences can be included 

(m=4, No. slots=124: and the TOF period i s  1. 2 msec., but the added signal 

to,  noise improvement of longer sequences i s  lost. A solution to this would 

. be to  remount the motor to one side of the detector and use  a l a rge r  

d iameter  wheel. (The cur ren t  14 c m  dia. whedl i k h o u n t e d  below the detector 



and restr icts  angular movement between 0" and 90°, Mounting to the side 

would allow a 28  cm dia wheel and would res t r ic t  angular movement to 

one half the total range so that, if the wheel could be mounted on either side, 

the full range of angles coul'd be reached by doing each experiment in two 
. . . 

sections.') A good 'compromise design would be a 2 8  cm dia wheel with two . 

sequences of length 6 3  giving a minimum T O F  spectrum length of 12 msec 

and a minimum resolution twice as  good as  before (21 psecs). 

E. TOF Computer Interface 
- 

The time of flight (TOF) spectrum could be displayed on an oscilliscope; 

the horizontal sweep wollld be synchronized with the pulses from the slotted wheel, 

the horizontal axis'would be the flight time t, and the vertical axis would be 

the .intensity (signal f r o m t h e  detector). This will not work at a l l  for 

scattered species 'because the signal i s  buried in  too much noise. Some 

so r t  of signal averaging is  needed, where many bursts  of molecules a r e  

let into the detector and the t ime of flight spectrums from ea+ burs t  

a r c  averaged together.   his i s  best done by using a computer. The flight. 

t ime is compartmentalized into "bins" where each bin has a width of At 
b 

and the nth bin cor=esponds to a flight t ime of n- At. In reali ty these bins . 

a r e  locations in the computer memory. Counters count the signal 

occurring during the f i r s t  bin's t ime t= o to At, a n d  add these counts 
- 

to those already in the f i r s t  bin; , then they rese t  and count the signal 

occvrring in the next A t  segment in t ime and add these to the contents 

.of the next bin etc. ; whenever the wheel opens up to le t  in another burst,  

the counters go back to the f i rs t  bin and s t a r t  over again. After a 

while the TOF spectrum builds up in the c o m p u t e r . n ~ e n ~ o r  y. where 

consecutive locations in memory hold data from consecutive' flight times. 



A block diagram of the t ime of flight system used by our group i s  shown in 

f igure 4, (The interface i s  built with, standard TT'L circui try and detailed sche-  

mat ics  a r e  shown in f igres 5 to 13. )   he computer used i s  Digital Equipment : 

Gorp. Is P D P . ~ / ~ .  It i s  operated in the Direct Memory Access (DMA) mode 
. . 

using the one cycle data break for collection of data. ~ h u s  the collection of 

data i s  totally t ransparent  to the program being run on the computer, whic'h i s  

usually a display routine that shows the developing TOF spectrum on an oscillis - 
cope. A programmed interrupt  system is  used to tr.ansfer commands to the 

interface and to receive status signals, f rom it. 

As shown in the diagram, the experiment consists of: two beanls that a r e  

crossed to  form a scat tered signal which i s  passed through the rotating slotted 

disk to fo rm short  burs ts  of molecules. ( A  light bulb-photo diode assenlbly i s  

mounted 180" away f rom the detector opening so  a s  to generate an electrical 

signal that tells when the wheel i s  "open". A discriminator-line driver  circuit  

shapes this  pulse and sends i t  via co=ax to the computer as  the "FAST WHEEL 

SIGNAL" (positive going pulses). ) The molecules t r averse  the flight distancc, . 
- 

d, and a r e  ionized by the ionizer, '  selected a s  to mas s  by the quadrapole mas s  

f i l ter ,  and accelerated to  s t r ike  the aluminum cathode by the exit lens. The AS 

cathode then emits a shower of electrons which, when they hit the scintillator, 

c rea te  a burst  of photons, which i s  detected a s  a pulse by the photomultiplier 

tube. (Each of these pulses corresponds to a single ion f rom the ionizer. ) The 

pulses a r e  detected by the PM discriminator-line driver  circui t  and sent via 

coax to the computer a s  "DATA PULSES" (negative going pulses. ), After the 

slotted wheel lets in a burs t  of molecules the fast wheel signal pulse rese t s  the 

DMA address  counters to zero. The contents of these counter's specify, partially, 

, what memory address  in  the computer will receive the data being transfered. ( 

(The r e s t  of this address  i s  given by the field control which sets' bits .O to 3 and i s  

discussed later. A total of 51-2 locations a r e  reserved for single precision data; 
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256 for  signal plus noise and 256 for noise. ) The fas t  wheel signal pulse a l so  r e se t  

plus,  no'ise and 256 for  noise. ) The fas t  wheel signal pulse a l so  r e s e t s  the 

data  counters  A and B and the bin t ime  generator  (BTGO which is a 

computer  se tab le 'pu lse  generator .  (The operator  can load f r o m  the 

teletype keyboard whatever "bin t ime", At, discussed before, that  h e  wants . 

the BTG t o  generate.  ) After the fas t  wh'eel pulse the data gate sends the 

data  pulses  to data  counter A. (These  a r e  Schottky TTL counters  and c a n  

count up , to  100 MHz although the P M  tube in u s e  can ' t  get much above 5 

MHz). After a t i m e  A t ,  the  BTG generates  a pulse that init iates a n u m b e r ' .  

of things. F i r s t  the  data pulses  f r o m  the P M  disc a r e  routed to  the  B counter 

(identical to A counter).  Also the address  counter i s  incremented by one 

( address  now equal to  2001 i f  beam on, 24018 i f  beam off),. and a data break 8 

is requc5sted of the DMA circuit .  When the DMA c i rcu i t  gr.ants this  req.uest 

the contents of the address  counter (and field control)  a r e  gated onto the 

m e m o r y  address  1ine.s and the contents held i,n data .  counter A, those counts 

that occurred  in the f i r s t  A t  of the flight t ime,  a r e  added to the contents of 

I m e m o r y  location specified by the address  buss. When this t r ans fe r  i s  over,  

the A counter i s  c leared.  ~ h u s  those counts destined for "bin number one" a r e  

loadcd into the computer  while the D counter is accur-nulating the counts to be 

added to bin number two. When the nex BTG pulse comes, the p rocess  repeats  

except that the contents of the B counter. will be added to bin number two 

. (location 2002 o r '  2402 ) while the A counter accul~lulates  bin number 
8 8 .  

>k 
t h r e e ' s  counts. This continues until the next fas t  wheel pulse , when 

the, address  is  again s e t  to ze ro  and the cycle  repeats .  (note that this  

p r o c e s s  of counting has  z e r o  dead t ime  since one counter i s  accumulating 

data  while the other  i s  sending data to  the computer. ) 

- -- 

1: 

If the address  counters  go through a l l  256 locations before the next fas t  
wheel pulse, they stop the  data taking until the next fas t  wheel pulse comes. 



F r o m  the above description i t  can be seen  that the TOF spec t rum will  res ide  
. . 

i,h the computer memory  with the contents of each location being the intensity 

and. the address  of each location being direct ly  related to  the flight t ime  t. 

The majori ty  of remaining c i rcu i t ry  of the interface i s  concerned with 
. . 

controllkg the  above data collection process  i. e. telling ths  computer when 

t o  s t a r t  and stop taking data. This i s  done syncronously with the "slow 

wheel signal", named fo r  the beam chopping wheel used  in the old c ~ n f i ~ u r a t i o n  

of the machine. As mentioned before, in the new configuration, the nozzle 

.. beam, beam 1, is chopped by a flag type chopper and the electronics  that 

dr ives  this r e l ay  chopper a l so  generates  the slow wheel signal, a 50  ohm 

T T L  level  signal that .  i s  2. 5V when the beam is  open and OV when i t s  blocked. 

The sequence of events is a s  follows: the operator  types an "R'; for  run  

and the computer sends a RUN command to the interface. The next positive 

going transit ion of the slow wheel signal (ie.beam turns  on) i s  then passed . 

through the differentiator (which generates  a short  positive going pulse for 

every transit ion of the slow wheel signal, either positive o r  negative) and 

then i s  delayed by a t ime T (internally se t  in the computer by a 20 m s e c  

. one -shot). The delay t ime T is requi red  to allow t ime  fo r  the beam flag to 

move s ince the slow wheel signal i s  coincident with the  r e l ay  driving signal . . 

but the r e l ay  can't  move instwtaneously.  (This  delay t ime  a lso  allows t ime 

fo r  the chopped beam to reach  the collision zone and the detector a s  

previously mentioned, thus eliminating t ransients  in the TOF spectrum.)  

The de layedpulse  then se t s  the GO flip-flop s o  that the next T O F  wheel pulse - 
will s e t  the DMA ENABLE t rue  allowing the BTG to generate  data brcak  

requests  and, in effect, iniating TOF data taking. Also enabled a r e  the TOF 

.wheel pulse CYCLE COUNTERS which, having been p rese t  by the o ~ e r a t o r  

(through the keybo'ard) to  some number N, now s t a r t  to  count.down to  zero. '  



When they reach zero. they rese t  themselves to the number N and generate 

a narrow p i l i e  that c l e a r s  the GO flip-flop allowing the (negative going 

t rans i t ion  of the ) cur ren t  TOF wheel pulse to  c lear  the DMA ENABLE 

flip-flop thcrehy halting the data' breaking process and stopping the TOF 

spectrum. On the next transition of the slow wheel signal (which would 

now be  the beam turning off) the .process repeats  itself identically except 

that  the field control i s  now se t  such that data me'.being added to  the beam . 

off field. (When the slow wheel signal i s  low the data field control output 

i s  0101 for  address  bits 0 to  3 i . ~  locations 2401 to 27778. When high, 8 

(beam on),the data field is 0100 o r  locations 2001 to 2377 for the. beam 8 8 

on field. ) The p rocess  continues to repeat  itself until either 1 )  the operator 

types "S" for stop 2)  the counting time. clock t imes out and generates a 

TIME'S U P  interrupt  o r  3) the overflow circuit  (discussed l a t e r )  generates 

interrupt.  In a l l  of these  cases  the computer issues a stop,command to the 

interface and the  control  circui try is se t  such that the next positive going 

transi t ion of the slow wheel signal i s  - not allowed to  r e s t a r t  data breaking. 

Therefore  the computer stops taking data after having executed the same  

number of beam on a s  beam off cycles. 

The TOF wheel CYCLE COUNTERS must  be prese t  by the operator 

who must  calculate the value of N beforehand as  follows: the b,eam chopper 

i s  driveri so  that the open (and closed) t ime i s  200 msec ,  subtracting the 

delay t ime  of 20 msec  gives 180 msec  inti, which N TOF wheel cycles mubt 

fit. If the TOF period ( f rom one pulse to the next) is 1. 2 m s e c  then 

N = 18011. 2 = 150 or  135 for a safety factor. Notice that the system i s  

constrained to 'count exactly equal amounts of t ime with the beam on a s  off 

s ince the CYCLE COUNTERS alw.ays allow only N cycles of the TOF period' 

pe r  each half cycle of the beam chopper. (The counting t ime scale during , 

each TOF cycle i s  governed by the c rys ta l  controlled BTG and so the beam 



on and beam off counting t imes  a r e  precisely equal to each other to within almost t h e  

limits of reasonable measurement.  ) This feature was not operational for  some of the  

ear ly  studies of this group. I 3. 

Note. that the COUNTING TIME CLOCK, a r e a l  t ime crys ta l  controlled clock that 

can be set,  a s  an a l a r m  clock, to generate an interrupt  af ter  any given amount of t ime  

- between 0. 2 and 200000 seconds, is only enabled during beam on data counting so  that 

the count r a t e  i s  the number of counts divided by the counting time. 

The DMA system i s  used in the add to memory mode, i. e. the 12 bit content of 

the data counters is added to the 12 bit content of the selected memory location in 

the computer. If this s u m  should overflow into the 12th bit the hardware has been 

designed to generate an interrupt telling the computer that this has occurred  and that 

further  data taking would resul t  in non-retri  evable overflow e r r o r s .  On receiving this  

interrupt the computer c l ea r s  the run flip-flop so  that data taking will stop on the 

next slow wheel on transition. After DMA'ing has - stopped, the computer goes to a 

software double precision add routine that,  takes ,data existing in the single precision 

data fields and adds them to double precision data fields (locations 3002 to ,3777 for 

signal plus noise and locations 4002 to 4777 for noise). After this i s  complete t h e  

computer r e s t a r t s  the data taking, with the single precision data fields now empty and 

ready to  accept more  counts. 

The above description is for the mode in which the "fast whe.eltf i s  installed 

and the computer is taking t ime of flight data. It i s  a lso useful to remove the 

- "fast wheel" and'take angular distribution data. The advantage to  this is higher 

total 'signal ( increased by a factor of the inverse of the resolution of the part icular  

"fast wheel"), and the ability to rotate the lid through a la rger  range of angles. 

The qimple. way t o  get the computer interface to operate  in an angular distribution 

mode i s  simply to fool i t - in to  thinking i t ' s  taking TOF data. "Fake'.' fast  wheel 

pulses a r e  generated by a pulse generator se t  by the operator,  (who then also 

recalculates 'and reloads N. ) The cornpi.lter i s  se t  up to  run exactly a s  in the TOF 

mode. The only difference i s  that the display and printout routines a r e  told t o  show 



the total sum of a l l  the addressed bins::, which i s  the total signal (or  signal' 

plus noise o r  noise, depending on display mode) at the particular angle being 

looked at. (The bin number, bin time, velocity, and flux columns a r e  

ignored in' this mode: ) 

As mentioned before, the computer system operates in both the d i rec t  

memory  access  mode and the programmed interrupt mode. The DMA 

process  i s  total ly. t ransparent  to the program being run. The software written 

f o r  this system consists  of a background program that displays the developing 

TOF spectrum on an X-Y oscilliscope and a foreground program that services 

the interrupts  generated by the interface, and also t ransfers  commands to 
. . 

the interface. A complete description of these programs can be found in  

the .comment portion of the prDgram listing. Briefly, the display routine 'can.  

display either the single precision o r  the double precision data fields, either 

signal plus noise (beam on), noise (beam off), o r  the difference (signal). 

I t  can be told to display any number of points and can.be told to average over 

(sum'up)  any number of consecutive points. This las t  feature i s  useful for  

very noisy, signals where s tructure .may become apparent i f  portions of the 

signal a re .  averaged together, i. e. resolution i s  sacrificed for  better signal 

to noise' ratio. The display routine autnma.t.ically scales  both a x i ~  (t.n within 

a factor  of 2).  It can also inform the operator what full scale corresponds to 

in number of counts. The display routine i s  always running, even while data 

a r e  being taken, so.that the TOF spectrum can be seen. tot tgrowt ' .  

The foreground program handles interrupts  both from the interface and 

f r o m  the teletype keyboard. If the interface wishes to inform the computer 

*Actually the num6ef of addressed bins minus 2 o r  3 for  a safety factor since the 
l a s t  bin i s  interrupted by the TOF pulse and i s  not always valid. 



. . 

of something, it generates  an interrupt  and then the computer generates  

oli'1nput Output Transfer  that t r a n s f e r s  a STATUS WORD into the  

accumulator. The computer then "interrogates" this  s ta tus  word where  

each bit has  the  following meanings. Bit z e r o  active' (equal to  1)  means  the 

bin t ime  is too s m a l l  i. e. the DMA sys tem is attempting t o  data break  f a s t e r  

than the computer can handle it. The computer will  type "BIG TOO FAST" 

and the operator  must  reload the  bin t ime generator  ( s e e  Table I) with 

a l a rge r  t ime and hit  "R" fo r  run  again. A reasonable minimum bin 

t ime  is  5 psecs (bintime mus t  be  in whole number psecs  only) although 

the computer can go a s  fast  a s  3 psecs if everything s tays in sync. 

Bit one active means that the prescr ibed  counting t ime  h a s e l a p s e d .  

The computer  stops the data taking and types out "TIME'S UP". The 

operator  may. then do one of severa l  things. He may  print  out the data  

. ( see  below). He may  continue data taking fo r  another prescr ibed  counting 

t ime  by pres,s ing "R". If the present  data do not look good the opera tor  may. 

e r a s e  them by press ing  "K" and s t a r t  over. Both the counting t ime  

clock and the bin t ime generator  " remember"  the i r  values unless  reloaded 

o r  unless  the  computer is turned off. The contents of the counting t i m e  

clock can  be  r ead  even while the experiment is runping so  the opera tor  can  

see, how much longer h e  has  to.wait .  Also h e  may  stop the experiment  

a t  any t ime  ( p r e s s  "S") and r ead  the CTC to s e e  how long the experiment 

h a s  been counting for. Loading the CTC entails an  inaccuracy of about 

*3%, but reading. the CTC gives the counting t ime exactly, * 

Bit hvo activc signifies an overflow into the  12th bit while DMA 

adding to  memory.  The computer stops the data taking and then executes 

the  previously descr ibed double precis ion add routine, After this  i s  

complete the computer res tar ts  the data taking, 



The computer  can  a l so  send commands to the interface. They can be in  

the  f o r m  of an  IOT that  t r a n s f e r s  a command work to  the  interface.. The 

de ta i l s  a r e  shown in  Table 11. 

The machine-opera tor  in te r face  consis ts  of a teletype for  input and output 

and the previously mentioned X-Y .oscilliscope for  output. The operator  

ini t ia tes  computer  operat ions by press ing  a single key on the teletype keyboard. 

Some of these  keys a r e  "non printing" i. e. they t r ans fe r  commands to  the 

computer  but the computer  does not echo back ajlything so  the Teletype does 

not  pr in t  anything. Table I gives a l i s t  of a l l  the eyboard .commands. Any 

c h a r a c t e r  other than those l i s ted  causes  the compr.1te.r to  echo a c a r r i a g e  r e t u r n  

and l ine -feed back to  the  Teletype. When loading numbers  . the format  should 

be  a s  descr ibed  in  "Introduction to  Programming" Vol I1 floating point package 

DEC-08-YQZB-B. (When loading the BTG only whole psecs a r e  loaded. Thus 

1 3 .  8 wiil  be,  loaded a s  1 3  psecs.  ) .  Note that while the experiment  i s  running, 

t he  computer  should not b e  in  the comment mode since the interrupt  sys t em 

i s  off i n  th is  mode and a computer won't be able to  p rocess  a "TIME'S UP" 

o r  "OVERFLOW" interrupt ,  Note a l so  that si,ngle precision data can he 

added to  t h e  double precis ion data a t  any t ime while the data taking i s  in 

p r o c e s s  by press ing  "L" (or  "W"). If the experiment i s  "STOPPED", however, 

p res s ing  e i ther  L o r  W will  r e su l t  in the computer adding single precis ion 

to  the  double precis ion data  and printing out the  double precis ion data. 

Note a i s o  the d iscrepencies  l is ted under "Nu (NUM. BINS) and "[ I '  (NS). 

The "delay t'ime" mentioned under  '!LOAD 'PARA" and "NS" is m e r e l y  
. . . . 

a constant that i s  subtracted off the accumulated bin t ime in the "WRITE 

DATA" program. F o r  example, if the  bin t ime is  10 psecs  and the 

5 5 delay t ime  i s  '50 psecs  then the f i r s t  bin i s  a t  psecs ,  the  second a t  

65 psecs  etc. 'The sense  of this  delay t ime  is such that positive delay 



Table  I. 

OPERATING INSTRUCTIONS FOR T H E  EXPERIMENT CONTROL PROGRAM 

KEY NAME DESCRIPTION 

NCYCLE LOADS TIME T O F  WHEEL PULSE COUNTER. HIT A, 
COMPUTER WILL T Y P E  "#CYCLES=",  T Y P E  AND INTEGER 
HIT RETURN 

BIN TIME LOADS T H E  BIN TIME GENERATOR. HIT 'B ' ,  COMPUTER W I L L  
T Y P E  "BT=", THEN OPERATOR CAN T Y P E  IN T H E  VALUE H E  
WANTS (IN MICRO-SECONDS). S E E  ' INPUT FORMAT'.  

CONTINUE T E L L S T H E C O M P U T E R  TOCONTINUECOUNTINGAFTERHAVING 
B E E N  STOPPED;  DOES NOT RESET T H E  COUNTING TIME CLOCK. 
(IF CT=100 AND EXP. STOPPED AT 70, THEN HITTING 'C '  
WILL CAUSE COMPUTER T O  CONTINUE COUNTING FOR 30 SEC. ) 

READ CTC CAUSES COMPUTER T O  PRINT OUT T H E  CURRENT CONTENTS O F  
T H E  COUNTING TIME CLOCK, I. E. HOW LONG T H E  COMPUTER 
HAS BEEN COUNTING FOR. 

F U L L  SCALE CAUSES T H E  COMPUTER T O  PRINT WHAT F U L L  SCALE (10,  VOLTS) 
ON T H E  DISPLAY CORRESPONDS TO IN TERMS O F  COUNTS. 
WORKS FOR ANY MODE O F  T H E  DISPLAY ROUTINE. 

KILL ERASES DATA FIELD. 'RUN' DOES NOT DO THIS, 
LOAD CURRENTLY IDENTICAL T O  'W'. 
NUM. BINS . LOADS T H E  NUMBER O F  'BINS' THAT T H E  COMPUTER DISPLAYS 

OR PRINTS OUT. HIT IN', COMPUTER WILL NOT T Y P E  
ANYTHING, OPERATOR CAN THEN T Y P E  IN WHAT H E  WANTS. 
CURRENT DISCREPENCY: N IS T H E  NUMBER O F  POINTS THAT 
T H E  DISPLAY WILL SHOW BUT T H E  WRITE OUT ROUTINE WILL 
ONLY PRINT U P  T O  BIN NUMBER N. THESE A R E  NOT EQUIV- 
ALENT UNLESS 'NS' IS EQUAL T O  ONE. 

QUEARY CAUSES T H E  COMPUTER T O  PRINT OUT T H E  STATUS O F  T H E  
EXPERIMENT: RUNNING OR STOPPED. 

SINGLE PRE. CAUSES T H E  DISPLAY ROUTINE TO LOOK A T  T H E  SINGLE 
PRECISION DATA FIELD: 

DOUBLE PRE. CAUSES T H E  DISPLAY ROUTINE TO LOOK A T  T H E  DOUBLE 
PRECISION DATA FIELD. 

SIC. +NOISE CAUSES T H E  DISPLAY T O  LOOK AT BEAM ON DATA FIELD. 
NOIS E CAUSES T H E  DISPLAY T O  LOOK AT T H E  BEAM O F F  DATA FIELD. 
SIGNAL CAUSES T H E  DISPLAY TO SHOW T H E  ARITHEMATICAL DIFFERENCE 

O F  T H E  BEAM ON AND BEAM O F F  DATA FIELDS. 
RUN RESETS T H E  COUNTING TIME CLOCK AND THEN STARTS COUNTING. 
STOP STO.PS T H E  EXPERIMENT. 
COUNT TIME LOADS T H E  COUNTING TIME. HIT 'T '  , COMPUTER WILL T Y P E  

"CT=", THEN OPERATOR CAN ENTER T H E  AMOUNT O F  T I M E  H E  
WANTS T H E  EXPERIMENT TO COUNT FOR. THIS T IME MUST B E  
BETWEEN 2049 AND 204799 SECONDS. SECONDS IS THE ONLY 
UNIT T O  BE.USED. THIS TIME IS ACCURATE T O  ABOUT + OR - 
3%. T H E  TIME READ WHEN ' E '  IS  HIT IS, HOWEVER, EXACT. 

WRITE DATA CAUSES COMPUTER T O  PRINT OUT T H E  CONTENTS O F  THE DATA 
FIELD IN T H E  FOLLOWING FORMAT. BIN NUMBER, TIME IN 
MICRO-SECONDS THAT THIS BIN CORRESPONDS TO, TOTAL 
SIGNAL P L U S  NOISE (BEAM ON DATA FIELD), TOTAL NOISE 
( B m M  O F F  DATA FIELD),  SIGNAL (BEAM ON - BEAM O F F ) ,  
STATISTICAL NOISE (SQUARE. ROOT(S+N + N)), VELOCITY IN 
CM/SEC,  AND F L U X  AT THIS VELOCITY. 



+ COMMENT A L L O W S  O P E R A T O R  T O  T Y P E  COMMENTS.  HIT  - ' (SHIFT 0), 
C O M P U T E R  W I L L  T Y P E  I / ' ,  T Y P E  ANYTHING YOU WANT. R E T U R N  
W I L L  C A U S E  CARRIAGE R E T U R N  L I N E  F E E D  AND W I L L  G E T  
C O M P U T E R  O U T  O F  COMMENT R O U T I N E .  T O  T Y P E  FURTHER 
COMMENTS,  OPERATOR MUST H I T  ' + ' AGAIN. 

r LOAD PARA. LOADS EXPERIMENTAL PARAMETERS. HIT ' ', (SHIFT N), 
C O M P U T E R  W I L L  DO NOTHING, T Y P E  IN  T H E  DELAY T I M E  I N  
MICRO-SECONDS ( P L U S  OR MINUS), T Y P E  SPACE, T Y P E  IN THE F L U X  
F U D G E  FACTOR.,  (USUALLY 1 OOOO), T Y P E  RETURN:  ( W H E R E  
R E T U R N  AND S P A C E  A R E  T H E  SINGLE K E Y S  ON T H E  KEYBOARD,  ) 

[ N S  T E L L S  C O M P U T E R  HOW MANY BINS YOU WANT I T  T O  SUM U P ,  
(AVERAGE OVER) .  H I T  I [  I ,  ( S H I F T  K), C O M P U T E R  W I L L  P R I N T  
!IN?= 11, T Y P E  IN  A N  I N T E R G E R ,  T Y P E  RETURN.  
E X A M P L E :  I F  NS=3. T H E N  C O M P U T E R  WILL,  ( W H E N  TOLD) ,  T Y P E  
T H E  S U M  O F  T H E  C O N T E N T S  O F  BINS 1,2, AND 3 A N D  C A L L  I T  
BIN NUMBER 3. CUN'l'lN U'ING, TT W I L L  SUM BINS 4,  5, AND 6 AND 
C A L L  I T  BIN NUMBER 6. ETC, C;T.TRRENT DXSCHEPEPTCY. ' 

THE PROPER AVERAGE TIME FOR THE SUM OF THE FIRST 3 
BINS WOULD B E  H A L F  WAY THROUGH T H E  SECOND ONE. 

. I. E. IF T H E  BIN T I M E  W E R E  1 0  uSECS,  (AND T H E  D E L A Y  
, T I M E  Z E R O ) ,  TIqIS PROGRAM T Y P E S  OUT T H E  T I M E  H A L F - W A Y  

THROUGH THE LAST BIN OF THE SUM, I. E. IN THIS EXAMPLE 
25 pSECS. . . 



Table fI 

' OP-CODE INSTRUCTION 

M A D  COMMAND WORK 

6171 . SEND STATUS WORD T O  ACC 

SEND COUNTING TIME CLOCK TO ACC 

'6173 . . . LOAD COUNTING TIME CLOCK (CTC) 

6'174 LOAD BIN TIME GENERATOR . . . .  . . 
6175 . LOAD MODE 

DATA BIT COMMAND DATA BIT STATUS, 

0 0 . BIN TIME TOO FAST FLAG 

1 1 ' TIME'S U P  FLAG 

2 CLEAR TIME'S U P  FLAG 

. .  . 

OVERFLOW FLAG 

3 CLEAR OVERFLOW FLAG . 3 

' 4  RESET CTC . 4 

5 S E T  . RUN 5 

6 .  SET STOP 6 

CLEAR. BIN TIME TOO FAST 7 , , 7 
, . 

8 8: 
. .  . 

. 9  . 9 

. .  10 10 

1 1  "GO1' FLAG (1 = running, 0 = stoppe4 



corresponds  to the  detected ions somehow being delayed i. e. by the t rans i t  

t i m e  through the quadrapole. Negative delay corresponds to the fast  

wheel pulse being "late" a s  in a mispositioned photo diode assembly - o r  

,an externally,applied delay of the fast  wheel signal for purposes of 

Irthrowing away" the beginning portions of a TOF spectra,  The lat ter  

p rocess ' concerns  the u s e  of a delay generator between the fast  wheel 

signal l ine dr iver  and the computer. 

The problem mentioned under "NS", i. e. that the  printed accumulated 
. . 

. b in  t ime  for  an average  over  NS bins i s  riot the proper  average' t imer  m a y  ha 

cor rec ted  by temporar i ly  loading a new delay t ime = old delay t ime + NS x 

BIN TIME 12. Example:. if delay t ime setting i s  - 20, NS = 4,  and BIN TIME - 
20 psecs  then temporary  new del.ay t ime i .  f o r  this NS, io -1 ZO psecs.  

In the WRITE DATA routine the last  column is called the FLUX. 

This  i s  a crude inversion of the time of flight data to give a velocity 

distribution. As shown in Eq. 1 )  the "FLUX" i s  equal t o  the measured 

2 
intensity a s  a function of t ime multiplied by a Jacobian of t Id, which 

2 
is a l so  equal to d / v  . Our detector,  however, is riot a flux detectclr; 

it is a number den%ity detector because of the following. Normally thc 

intensity.would be  given by the  number of counts per  sec per' sq c m  of 

detector  a rea ,  a flux. However, the ionization probability, at low ioniza- 

tion efficiency, is inversely proportional to  part icle  velocity because those 

molecules going fas ter  spend l e s s  t ime in the detcctor and therefore 
I 

have l e s s  probability of being ionized. Thus we measure  flux x 1 /v  o r  

3 
number density, No. / e m  . The last  column, called FLUX, therefore 

2 
pr in ts  out F x intensity x d/v,  instead of dividcd by v . F is cr fudge 

4 factor ,  normally 10 , to make the flux come out to  reasonable numbers, 



All-of the ab'ove program fi ts  into the 4K memory space of ' the computer 

with only a few scattered locations left. Even minor additions. would require 

more  memory. Such additions could include a program to punch 

data onto paper tape in a format that could be read,by the Computation Center 's 

.. c'omputer, o r  possibly a program, to time normalize' angular distributions 

and plot them out on an X-Y recorder .  Finally the existing hardware would 

be  usable, without modification, with a pseudo random. TOF technique but 

the program would have to be expanded to include the c ro s s  correlation 

(actually a relatively simple procedure). 

Other TOF systems, described in references 9, 10 and 11, u se  

,inte.rfaces s imilar  to the one presented here. 
. - 

APPENDIX I: Nozzle Geometry. 

The geometry of the nozzle beam source, a s  modified for these experiments, 

i s  a s  follows. The nozzle has an oriface 0.02 c m  in  diameter and ca.ri be moved 

back and forth with respect  to the &kimme.r to maximize the beam intensity.. , . 
the normal operating distance was i .  35 cm. The conical s'haped skimmer 

has an oriface of0.10 c m  , i s  2.76 cm from the  center of the collision zone 

(CZ), and "empties" directly into the main chamber. The beam chopper i s  

directly in front of the downstream side of the skimmer,  about 1 c m  from the 

CZ center. This geometry was calculated so  a s  to not produce a viewing fac- 

.tor i f  the skimmer i s  assumed to act as  a collimator. The viewing,factor 

i s  simply the fraction of the total collision region that the detector can see  

as  a function of the laboratory angle. The s l i t  geometry of the detector (Q38 c m  

a t  entrance 4.. 44 c m  from CZ and 0.3 c m  at the ionizer entrance 18.44 c m  

from CZ) gives an umbra  that &ends 0.4 c m  at the CZ. If the collision zone, 

which i s  trapezoidal in shape, is  la rger  than Q4 c m  then the detector will be 



looking a t  varying volumes of reaction region a s  the  lid i s  rotated causing 

a n  experimental b?as in angular distribution measurements  for certain 

angular r.egions over  others.  The eas ies t  way to avoid this i s  to make s u r e  

that the l a rges t  dimension of the collision zone i s  l e s s  than 0.4 c m  so that 

the detector is always viewing the whole collision zone (plus certain a r e a s  

around it) a t  a l l  angles. 

If the sk immer  was acting a s  a collimator, i.e. "casting" the standard umbra  

and penumbra - "shadows", then there  would be no viewing factor. Hnwrtver 

if the nozzle expansion has not frozen by thc time i t  reaches the sk immer  

( i .  e.the part icles  a r e  s t i l l  interacting with and deflecting each other)  then the 

sk immer  might ac t  a s  a source  giving a m o r e  divergent beam and possibly 

leading to a viewing .factor. In fact, measurements  made on the beam in 

this.  configuration, implied that this might partially be the case. Because 

of the geometry of the detector and because the detector rotates  about the 

collision zone center  and not about thc beam radiant point the detection 

sys tem can't  s e e  the beam beyond about +&4" (assuming thc ckimmer as 

the  source) .  Therefore another method of measuring the beam profile 

was used: the background p r e s s u r e  in detector chamber one, which should 

be proportional to the amount of beam entcring the detector, .was monitored 

a s  a function of the lid angle which could be back calculated to the detector 

opening distance f r o m  the beam centerline. With.the nozzle'at  1.'35 c m  

f r o m  the sk immer ,  and if the skimmer is assumed to col l i~nate ,  Ihen the . ' 

I' 

beam a t  tlie detector opening should have an  umbra  of 1.07 and penumbra of . . 
9 

1. 23 cm. Approximating this  as  a rectangle of width 1. 15 c m  and convoluting 

with the detector opening of 0.38 c m  we get an  expected F W  HM of 1. 53 cm. 

The measured  distribution, with 150 t o r r  in the nozzle, had a FWHM a t  the 

detector  of 1.6 c m  but contained a weak tai l  that went out to 2. 7 c m  

( F W  1 /lOM), so that the sk immer  might b e  partially operating a s  a source. 



In o r d e r  to  a s s u r e  f reedom f rom a viewing factor  a beam col l imator/  

deflector was spot welded to  the face of the collimating chamber direct ly  

in front  of the  beam chopper. It consis ted of a 0.5 c m  wide horizontal  s t r ip  

of metal  with a centrally ' located 1 c m  diameter  deflector containing a0.23 c m  

wide by 0.38 c m  high slot for  the  beam to pass  through. . The top and bottom of 

the deflector portion were  angled away f rom the beam to deflect it  

a.hove and 'below the region of. the collision zone. F o r  a proof of the absence 

of a viewing factor  with this cnllimator instal led,refer  to  figure 14 to  

which the following equations apply: 

d2  = (2.76 t . 115)(. 1211. 81)- . 0 5 =  . 140 crn 
. . 

Now we approximate the C Z by the  dotted rectangle 0.28 x 0.28 cm, an  

overest imate,  and calculate its' longest dimension, the dotted line, to  b e  

. 39 c m  which i s  l e s s  than the 0.4 c m  that the detector sees .  Therefore,  

according to  this  calculation, t he re  is no viewing factor. This was 

confirmed when the beam and detector geometr ies  for both the Ba and Sn 

12. 
experiments werk 'fed into a computer program, written by C. A. Mims , 

that does a detailed calculation of the viewing factor  taking a l l  considerations . 

into account. The factor  was equal to  1. 0 to within 0.00 2 fo r  a l l  angles. This 

was a l so  confirmed experimentally by a repea t  of the aforementioned beam 

profile measurement  method. 

APPENDIX I1 Duty ,Cycle 

Let  S and B be the signal and background cant  r a t e s  respectively and 

le t  T on and T off be the t ime counted with the  beam on and off. Then the 

absolute counts accumulated in the  on channe l i s  N on = T on (StB) and 

off channel N off = T off (B). Now the  des i r ed  quantity i s  the  total  signal . 

counts Ns given by the equation . 

. 1 
Ns = N a n  ( ~ b n  t T off)/2 T o n  - Noff (Ton t T off)lZ T off 



(Ns = ( (S+B)-B)(Ton + T off)/2 = S(T on + T off)/2) 

Now we make the  condition that statistical noise in each of t he  two t e r m s  of 

N be equal so a s  to not put too much influence on one o r  the other. The s 

s tat is t ical  noise o f  the f i r s t  t e r m  is  JZ(T on + T off)/2 T on since 

N on is  an  absolute number of counts with, therefore, an e r r o r  of Ton; 
and (T  on + T off)/2 T on i s  just a multiplying factor. ~ h e r e ' f o r e  we have 

the equation: 

v z (  T o n  + T off)/2T on = Vof i (~  on + T of f ) /ZT off OT: 

or: 

'T on/T off = (S+B)/B o r  duty cycle T on/ (T on + T off) = D 

APPENDIX ID Circuit  Diagrams 

The de t a~ l ed  circui t  diagrams fo r  the TOF computer interface presented 

h e r e  a r e  shown in  figures 5 through 13, Only a brief description of each 

figure will be given. The circuits a r e  l n i i l t  using mostly otandard TTL 

ci rcui ts  assembled on wire-wrap boards that plug into the PDP8/e  

Unibus. Not shown a r e  the two D to A circui ts  that control the X-Y oscilliscope. 

Fig. 5: Experiment control board including the GO flip flog (E30), the 

differentiator ( ~ 3 8 ) ,  the delay generator (E26), the DMA ENABLE (E21), 

the  DMA ADDRESS counters (E4 1 and E20) and the BTG too fast  interrupt 

flag (E29). The differentiated slow wheel signal is  gated into the delay 

generator  by the GO flip-flop. The R U N  command (data G valid) is  loaded 

into E22 by IOTO and enables GO on the rising edge of SLOW WHEEL 

signal. The delayed signal (E26 pin 6 and 12) i s  passed to E18/E22 which 

i s  a glorified R/S flip flop. The rn signal enables (E21 pin 8) the DMA 



enable (E21 pin, 5) on the next falling edge of the TOF wheel pulse ( E l 7  

pin 10 from E39-6). . This.gates the BTG pulses (HA1 -18). into the address 

counters ( E4 1,' E20). 1f the address  counters t ime out before' the next 

TOF pulse (256,cycles) the data breaking i s  sto.pped via the action of E21 

pin 2 on the clear  (pin 10). The BREAK REQUEST flag (E29) initiates 

DMA request  via the action of the BTG (2, E25 pin 6).  If another such 

request  should come before the previous one is granted (CLR REQUEST) 

the BTG TOO FAST flag (E29 pin -3)  will be se t  (on the coincidence of BRK . 

R,EQl.JEST and' BTG). The steering logic ( E l 8  pins 5 and 6 )  is toggled by 

BTG. 

Fig. 6: CYCLE COUNTERS. The cycle counters a r e  loaded via 

IOTS. Upon being enable by the delayed slew wheel signal ( E l 8  pin 3) 

the leading edges of TOF pulses s tar t  decrementing the cycle counters 

( ~ 0 3 ,  E04, E09). Upon t ime out the co ,Inters generate a pulse .at E09 

pin 13 which i s  passed through a one shot (E28) to generate the stop data 

pulse which disables the DMA ENABLE flip flop on the falling edge of the 

present  TOF pulse (fig 6 E21). This pulse a lso  p rese t s  the cycle counters 

to the value stored in the cycle count memory f'Eo7, E02), and' the process  

continues a s  described in the text of this chapter. The detailed timing 

diagram of this s'ystem i s  ,shown in figure 13. (The circui t  works for 

any case  of DSW coincident with FW). 

' . Fig. 7: DATA COUNTERS. The signal counts f rom the P M  

discriminator (TT L level, negative going) a r e  passed via the s teering 

logic (C7-1, C7-2) to the A o r  B counters (.A, R, C, 5 o r  A ,  R, C, 6). The 

82'591 i s  manufactured by ' ~ i g n e t i c s  Corp. ,The sterning logic also 

directs  which counters a r e  to be read by, the computer (C3; A, B, D3;. . 

A, B, D, 4; the 74 126's a r e  TRI-STATE buffers), and also. which a rk  to be 



c l e a r e d  by CLEAR R m U E S T  (B8). The TOF pulses  ( ~ 7 - d ) ,  f r o m  the 

T'OF wheel discrimin,ator (B8 pin 9)  a l so  c l ea r  the counters. 

Fig. 8: BIN TIME 'GENERATOR (BTG). The bin t ime  (psecs)  

i s  loaded by IOT4 into the  74174's. The c rys t a l  osci l ia tor  (E34) 

toggles the counters  (E29, E25, E22) until  the i r  out matches t h e  value 

held in  the 74174's , a t  which t ime  the compara tors  (E28, E24, E20) 

br ing  the one shot ' s  input up  ( E l  8 pin 2) causing a BTG pulse a t  (HA1 -1 8) 

and reset t ing the counters  for  another cycle. ( ' rhe counters a r e  a l so  r e se t  

by the TOF pulse (MA1 - 17)) 

Fig. 9: COUNTING TIME CLOCK (CTC). The binary mant i ssa  of 
I .  

the  des i r ed  count t ime  i s  loaded by IOT3 f rom DATA lines 0 through 7 

and th is  number i s  s to red  in 74174's and compared with the contents of 

counters  much the s a m e  way the BTG works.  In o r d e r  to  h.ave a lar'ge 

range of count  t imes ,  . the CTC i s  designed to  accept a binary exponent, 

in  addition t o  the  mant i ssa ,  loaded the same  way f r o m  bi ts  7 through 11. 

This exponent i s  r e a d  by the ~ ~ 5 0 0 9  which is a MDS c rys t a l  osci l la tor  

and programmable  divider. The MK5009 produces an out-put count a t  

n 
the r a t e  of lMHz i 2 where  n i s  the binary exponent, These output 

pulses  (.E37 pin 1 )  a r e  counted by the binary counters  (E33, E21, E08) 

and when the output of the  l a s t  two (E21, E08) is equal to  the s to red  
. . 

mant i s sa  the compara to r s  t r igger  the TIME'S up interrupt  flag (74107 

pin 3 )  . 'The count t ime can be r ead  by IOTZ. . . notice that  while the "alarm" 

fea ture  t r igge r s  off only the l a s t  two counters  the r ead  feature r e a d s ' a l l  

t h r e e  counters  ,and gives the exact time. 

Fig. 10: DMA CONTROL and Fig. 11: IOT CONTROL s e e  the DEC 

manual  "Small Computer Handbook" fo r  an explanation of these  c i rcu i t s .  



(Fig. 10 i s  correct . .  . . DEC's figure contains an er ror . . )  
. . 

Fig. 13:  The circuits for the small auxillary electronic devices 

a r e  self explanatory. The following power supply voltages apply' to 

fig. 13:  NES29K: pin.  10 = t 6 V ,  pin 3 = -6V, pin 9 ' SSV; SN 7545lP 

pin 8 = t 5V, pin 4 = GND. Use ground plane P C  construction and 

bypass a l l  power supplies with.  05pF a t  20 V ceramic capaiitors; 
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COMPUTER PROGRAM LISTING 

0000 
000 1 
0002 
0003 
0004 
0005 
0006 
0007 
OGQO 
0011 
0012 
001 3 
0014 
0015 
0016 
0017 
002 0 

0000 ' . 
DCA AC 
RAL 
JMP .+5 
0000 
7400 
7200 

,5600 
DCA L 
6171 
CLL 
RAR 
SZA 
JMP EXPS 
.KSF 
JNiP RESTOR 
JMP KEYF'LG 
HLT 

RESTOR, CLA CLL 
TBL) L 
RAR . 
TAD AC 

. I ON 
JMP I 0 

AC , 0 
L I 0. 
CRLF, O . 

CT.,A CLL 
TLS L 
TAD LF' 
JMP 63 

FLAGR, aooolt- 
TLS 
TSF 

, . 3 ~ ~ . - i  
C LA 

, TAD C R  .' 
TLS 
TSE 

' JMP.-1 
TCF 
CLA CLL 
JMP 1 CKLoJ.' 

LP, 212 
CR, 2 15 

EXPS, CLA CLL 
6171 
RTL 
R AL 

/READ STATUS WORD 

/FLAGR=O, RUNNING 
/E'LAGR#O, STOPPED 



SNL 
JMP I 110  
JMP I G R A N D  

GRAND, 1000 
1140 

911 1 
SPACE,' 0 

CLA CLL 
TAD I SPACE 
CIA 
DCA NSPCS 
TAD rSK240 
JMS I ATLSX 
ISZ .NSPCS 
JMP. -3 
ISZ SPACE 
JMP I SPACE 

TK240, 740 
ATLSX, 1242 
I\JSPCS, 0 

*i27 
KILL, JMS I CLW 

2000 
3000 
JMP 1 4 4  

CLRK, 1546  
INPUT, , O  

CLA CLL 
TLS 
JMS I 5 
TSF 
JMP.-1 
TC F 
JMP FIX 
I OI'I 
JhlP I I515PZ 

DISPZ, 1600 
OUTPUT, 0 

N OP 

TSF 
JMP,-1 
TC F 
JMP I OUTPUT 

FIIX, CLA CLL 
TAD THIR 
TAD I44 
DCA NFIX 
TAD 4 5  
RA R 
ISZ NFIX 



' 00166 5164. ' JMP.  - 2  . 
00167" 5534 . . J M P  I INPUT 

. . .  00170 0000 NFIX, 0 ' 
' 00171, 7765 TMIR, (,-13) 

00172 ' 0000 CTHOLD 0 
00173 0000 0 

'00174 0000 0 
00175 7600 AESTOP, 7600 
00176 0365 

* 200 
00200 '6002 I O F  
00201 5602 . I M P  1 202 
00202 1300 1300 

*203 
00203 4,134 JMS INPUT 
00204 4407 JMS I 7 

. 00205 6362 FPUT 362 
00206 0000 F E X T  
00207 5022 J M P  RESTOR 

*4 00 
00400 7300 KEYFLGI CLA GLL 
00401 6036 . . . G R 3 '  . . 
00402 1223 TAD TZO 

\ 

00403 7510 SPA 
00404 5777 JMP QM 
00405 3221 DCA OFFSET 

. . 00406 1221 TAD OFFSET 
001407 ,1224 TAD TF 
00410 7700 SMA CLA 
00411 5777 JM P QM 
00412 1260 TAD ' SLIST.  
00413 1221 . TAD OFFSET 
00414 3222 DCA , IN STRR 
00415 1622 TAD I ;.,INSTRR 
0 0 4 i 6  3222 DCA IN STRR 
00417 <62t.' Jl;r'$' i . I N  STRR 

. . 00420 .~; )07-  HC; . 

0 0 ~ 2 1  0000 O F F S E ~ ~  O o u u  
00422 0000 INST~RJ 'Oo0 

. 00423 74-77 TZO* - 30 1 
. -37 - . .  00424 ,7741 TFI 

:24 25 
. . 00425 . ' 4631 STOPX, J M S  SSTOP 

n w z h  7z4n C T , A  CMA 
00427 3037 DCA FLAGR 
00430 5022 J M P  RESTOR , 

00431 7600 SSTQP 
00432 1237 RNX, T A P  K17 

. 00433 6170 6170 



6170  
C L A  C L L  
DCA FLAGR 
J M P  RESTOR 

1 4 7 ,  1700 

STATUS,  N O P  
' 6171 

R A E .  
SZL 
J M P  5 2  
J M S  I A T Y P X  
C M S T O P  
J M P  54 
JMS I A T Y P X  
CMRUN 
J M S  C R L F  
J M S  RESTOR 

A T Y P X ,  1200  

8460  

SLIST,  0461 
N C Y C L E  . 
B T X  
C O N T X  
QM 
C T R  
F S  
QM 
QM 
QM 
QM 
KILL 
ov ERF 
QM 
NRTNX 
R M .  
QM 
STATUS 
RUNX 
S T O P X  
G T L X  
S P  
BP 
W R I T E D  
S P N  

. N 
SIC , 

NS 
n h4 
QM 
P A P A L  . 

COMM 

/ADDR. 1 S T  P N T R .  
/ A  
/ B 
/ C  

..ID . 
YE 
/ F 
/ G  
/ H 
/ I 
/ J 
/ K  
/ L 
/ M  
/ N  
i n  
/ P 
1 Q 
/ R 
/ S 
/ T  ' 
/u  
/ v 
/W 
/ x 
/ Y 

:I' 
:i 
I t  
I + -  



K F 8 ,  
A F l ,  
A&'2, 
Q M, 
WRIT  ED, 

0 1 ISZ  XN 
SNA C L A  1 I F F  D. P. 
J M P  1 520 
T A D 1  53.1 , . . 
S P A  CLA 
I S Z I 5 3 0  ~ I S ~ X N  
ISZ. 520 
J M P  1 520 1 R E T U R N  . 
1756 1 ' A.XN 
1545 1 ASORD 
T A D  I A F I  1 F U L L  S C A L E  R O U T I N E  
T A D  K F 1  
CIA . . 
DCA K F 2  . 
J M S  I 7 1 -EMTER F. P. 
FGET.  K F 3  
F E X T  , 1 EXIT  F. P. 
J M S  I .7 1 E N T E R  F. P. ( S E E  546)  
F M U L T  K F 4  
.FNOR 
F E X T  
ISZ  K F 2  
J M P .  -5 
C L A  C L L  
N O P  
J M S  I A F 2  
C M F S  
S P F  
CLA c u  
T A D  F F 8  
DCA 6 2  
JMS OIJTPIJT 
T S F  . . 
J M P .  - 1 
J M S  C R L F  
J M P  .R ESTOR 
6 
0 
FLTG 1 78 

F L T G  2 

1 0  
176 2 
1200 
1251 
J M S  S S T O P  
J M S I  7 ' ' / SETS  S T O P  



57.7 2 
677 1 
0000 
521 0 
5210 

4 0 3 2  
561 1 
137 1 
0 26 0 
4753 
5300 
4 1 1 1  
yo05 
4753 
5302 
4111  
0006. 
4753 
5305 
4111  
001 0 
4753  
5307 
7'300 
3045 
3046 
4407 
6'7'7 9 
677 3 
0000 
7300 
1376 . 
3354 
1375 
3355 
70nn 
7.3 0 0 
3045 
3046 
4407 
6767 
b' lbb 
0000 
7300 R E T W E D ,  
1754 
304.6 
2354 
1754. 
3 04 5 
137-0. 
3 044 

'4407 
1767 

67f,7 
0000 
1755 
3046 
2355, 
1755 

F G  .E:'.r 
FPI.1'I' FBINN 
FEX'I '  
JMI', 13 
JMS 3 2  /EXPECTS CRLF TO D E  A T  0032 
JMS 3 2 
JMT' J 611 
137 1 
260 
J M S  I  A T Y P X  /EXPECTS T Y P X  T O  B E  A T  1200 
CMBIN 
J M S  S P A C E  
5 . . 
J M S  I  A T Y P X  
C M T I M E  
J M S  S P A C E  
6 
J M S  I  A T Y P X  , 

C M S P E N  
J M S  S P A C E  
10 
.TMS T ATYPX 
C M N  

J M S  I 7 
l.'PUT FSF 
F P U T  F S F V  
FEXT 
C L A  C L L  
T A D  (3002) 
DCA BINNUM 
T A D  (4002) 
DCA ZINNUM 
NC)P 
C L A  C U  
DCA 95 

- DCA 46 
J M S  I  7 
FPUT SPMR EC a 

k'l-'USl' N1tLX.i 
F E X T  
CLA C L L  
T A D  I BINNUM 
DCA 4.6 
I  57, BINNUM 
T A D  I BINNUM 
UCA 45  
T A D  (27) 
DCA 44 
J M S  17 
F A D D  SPNREG 
FPTJT SFPmh:a /LOADS s+pr REG 
F E X T  
TAD.1  ZINNUM 

.DCA 46 
I SZ ZINNUM 
T A D  I ZINNUM 
U C A 4 5  . 
T A D  (27) 



FADD NREG 
.FPUT tJREG . 
FGET SMREG ' 

FSUB NREG 
FPUT SREG 

FGET FBINEJ 
Ft4W FTWO 
FSUD FONE 
T)rlPY PBINT 
FDIV FTUO 
FSUB FDT, 
FPUT FTIME 
."F EXT 
J M P  1 6 1 2  
JMS TYPE 
3 
JMS I 7 

FGET 'FTIME 
' FEXT 

JMS TYPE 
6 
JMS 1 7.'  
FGET SFNREG 
EEXT 
JMS TYPE 
7 
JMS I 7 

FGET NREG 
FEXT 

JMS TYPE 
7 
JMS . I  7 .  

FGET SREG 
FEXT . 

JMS TYPE 
7 
JMS 1 7 
FGET SPNREG 
FADD NREG 
SQROO T 
FEXT 
J14P 210 . - . 
1200 
0 
0 .  

, / L O A D S  N REG . 
. . 

/LOADS SIG CDIFF) REG . . . , .' 



0 0 2 7 6  6030  
0 0 2 7 7  4775 

. 0 0 3 0 0  535.1 

. 0 0 3 0 1  5255 
. 0 0 3 0 2  0000 TYPE,  

0 0 ~ 0 3  60.16 

JMS TYPE 
4 
JMS I 2.13 
233 
FMF'Y FMILL 
FDIV FTIME 

.FPUT SFNREG 
FEX T 
JMS TYPE 
7 
JMS I 7 .  
FGET SREG 
'mPY FDI ST 
FDIV SFNREG 
FPUT NREG 

. mF'Y FTTHOU 
FEX T 
JMS TYPE 
7 '  
JMS 1 7 . 
FGET NREG 
FALI1) FSF  
FPUT FSF  
ytiLT N R E G  
FMW SPNfiEG 
FADD FSFV 
FPUT FSFV 
FGET FBINN 
FADD FONE . 
FPUT FBINN 
FSUB FNBINS 
FEXT 

JMS C R L F  
T A D 4 5  ' 

S P A  SNA 
ThnP K FyQ 
J M P  R ESTOR 
JMS C R L F  
JMS C R L F  
JMP R ESTOR 
1SZ BlNNUM 
ISZ ZINNUM 
ISZ NSP 
J M P  1 373 
C L A  C L L  
TAD NBIND 
C I A  
PCA brsp 
JMS I 7 
FGE?' F B ~ N  
F E X T  . 
J M P  I 3 7 2  
KSF 
J M P  P, ETUR 
I<G F 
JMS TYPX . 
GMTERM 
J M P  255 . 
0 

/SRJREG NOW USED, TO. HOLD VELOCIY 

/NREG NOW USED FOR FLUX 



00777 U O 4 0  
*210 

-65- 
. . 

00210 4302 ' JMS TYPE 

00250 4032 . 
00251 1045' 
00252 7550 , 

00253 5274 
'00254 5022 
00255 4032 
00256 4032 
00257 5022 
00260 2777 
00261 2776 
00268 2370 
00263 5773 
00264 7300 
00265 1271 
00266 7041 
00267 3370 
00270 4407 
00271 5335 
00272 0000 

, 00273  5772 
00274 6031 KEYQ, 
00275 5774 
00276 6030 
00277 4775 
,00300 5351 

4 
JMS I Z13 
233 
FplW FMXLL 
FDIV. FTIME 
FPUT SRJREG 
TEXT 
JMS TYPE 
7 '  
JMS 1 7 
FGET SREG 

'mPY FDIST , 

FDIV SRUREG 
FPUT NREG 
FM W .  FTTHO U 
F'EXT 

.JMS TYPE 
7 
Jt.16 1 7  : 
FGET NREG 
FA,DD FSF 
FPUT FSF 
FGET NREG 
FMPY SPEJKEG 
FADD FSFV 
FPUT FSFV 
FGET FBINN 
FADD FONE 
FPUT FEINN 
FSUB FNBINS 
FEXT . . 

/ F O R  F L U X  212 =.4407 
1 AND 21 3 = 5354 

/NREG NOW USED F0.R FLUX - 

J M S  C K L F  
T A P  45 
S P A  SNA 
J M P  KEYQ 
J M P  R ESTOR 
J M S  C R L F  
J M S  C R L F  
J M P  R ESTOR 
ISZ  BINNUM 
ISZ ZINNUM , 
ISZ  N S P  
J M P  1 373 
CLA C L L  
T A D  NBIND 
GLA 

P C A  NSP. 
J M S I 7 ,  
F G E T  FBINN 
F E X T  
J M P  I  372 
K S F  
J M P  R ETUR 
K C F  
J M S  T Y P X  
C M T E R M  
J M P  255 , 

.O 
T L S  
T A D  1 T Y P E  



0 0 3 0 6  4406 JMS I 6 
0 0 3 0 7  41 11  . JMS SPACE 
0 0 3 1 0  0003 . .  3 : .. . 
0031 1 ' 2302 IS2 TYPE . 
00312 5 7 0 2  JMP 'I N P E  - ' 

. . 

FSFVJ FLTG 0 

SPNREGD FLTG 0 

NREGD FLTG 0 

FTIME, FLTG 0 

FBItJlJ, FLTG' 0 

FONED FLTG I - 

FBIPIT, FLTG 1 0 0  > ' 

. ,  . I. . , 

FDTD FLTG 0 

FUISTJ FLTG 10 ' 

FNBINS, FLTG 32 *- 



*5300 
CtlBIN, TEXT "BI 

pJ" 

CMSPN, TEXT *@S+ - 
N" 

CMD 
FF 

OC 
I T .  . 

JMS I 7 
F G E T  FRINN 
FADD F O N E  

6742 F P U T  FBINN 
0000 F E X T  
5744 J M P  RETWED 
0335 FBINN, 335 
0343 FONE, 3'43 

' 05344 0655 RETWED, 6 5 5 .  
05345. 0000 0 
05346 0000 0 
05347 ' 0000 0 .  - . 05350 ' 0 0 0 0  0 

4024 CMTERM, TEXT " T 
0522 ER 
1511 MI 
1601 NA . ' 

2405 T E  
0400 I> " 

::loo0 . . 
7300 OV,ERF, CLA C L L  
. I377  - ,  TAD ( 40)' 

I STOPS E X P .  
6170 . ' LC W 



- 68 -  
01005  3333 DCA A O V  
01006 . I 3 3 0  TAD BIOV 
01007 3334 . DCA BOV 
01010  3336 DCA FLGO V 
01011 6171 REX! 

, 0 1 0 1 2  7010 RAR 
0 1 0 1 3  7430 ' SZ L 
01014 5211 JMP. -3 . 
OlOlS 7300 CLA 'CLL 
01016  1332 GOAUNO, TADKOVZ 
01017 6 l 7 0  LSW 
01020 7000 NOP 
01021  7300 HETOV, CLA CLL 
0 1 0 2 2  2 3 3 3  ' .  ISZ M V  
0 1 0 2 3  2334 I S 2  BOV 
01024 1734 TAD . I  BOV . 
01025  1 7 3 3  T A D  I A O V  
0 1 0 2 6  3734 DCA I BOV 

. 01027  3 7 3 3  DCA I'AOV . 
01030  7004 RAL 

' OJO3i 2334  . 1SZ BOV' 
0 1 0 3 3  1734 TAD I w v  

' 0 1 0 3 3  '7430 SZ L 
01034 4255  JMS NPOVR 
0 1 0 3 5  7510 S P A  
01036  2336  1% ~ G o V  

.01037 3.7311 DCA I BOV . 
01040 5243 JMP 1 t o 4 3  
01041 1337. TAD KOVl 
01042  5314 ' J M P  11 14 
0 1 0 4 3  1330 

- .  / 
TAD BIOV 

, 0 1 0 4 4  7041 CIA 
. 01045  1333 TAD AC)V 

01046 '  7710 SPA CLA 
0 I04  7. 5221 J M P  RETOV 
OlOSO 5307 J M P  GOBCK 
O I Q S ~  1037 TAD FLAGP, 
01052 7440 S ZA 
Of053  5727 J M P  1 1 127 
n 1 0 5 n  L;241 .TMP 1041 
0 1 0 5 5  0000 T Y W V R ;  0 

. . 

. - 01056  7300 ( L A  CLb 
01057  7604 L A S  
01060 7010 RAR . 
01061 7430 SZL 
01062 5655 JI4P I W P O V R  
01063  4032 . J M S  CRLF 

. , UIUb4 7SUU ' - . bJoP 
' LG 01 065  4776 ' JMS TYPX 

01066 5 2 3 3  C14OVER 
01067 , 1326 , TAD AIOV 
01070 9041. CIA 
01071 1333 . '  TAD AOV 
OJ072 3045 DCA 4 5  
01073  3046 DCA 46 
01074 1 3 7 5 .  TAD < 1 3 )  
01075  3044 DCA 44 

' 01076  4407 JI lS 1 'I 
, 01.077 7000 FNUR : . 

O I l 0 0  0000 . ' FEXT 
. Ol lOl  7240 . - CLA. CMA 
' . .. 0 1 102 30.55 . . . . DCA 55. 

n l l n 3  1.37/1 T I i D  ( 3 )  

/ SET SWITCI-I REG. BI'I' 1 1 TO 1 
1'1'0 KILL MESSAGES 

/ T Y P E S  ERROR MESSAGE , 

C - 



3062 
4 547 
5655 . . 
7300 GOBCK, 
1336 
7440 
5317 
5 25 1 

. 6170. 
5022 

,7600 
4716 
4032 
4776'  ' . 
5 200 
7 201 
3037 , ' 

50 22 
1777 AIOV, 
0600 
27.77 B,IOV, 
0000 
0440. 
0000 ,AOV. 
0000 BOV, 
0000 NOV, 
0000 FLGOV, 
0500 KOVI, 
4575 
4575 
6171 
7004 
7430 
5.3 53 
7 004 
7430. 
5361 , 

7402 
5022' 
4 7 67 
5 263 
4032 
1370 

6 1 7 0  ' 

DCA 62 
J M  S OUTPUT.  
J M P  I TYPOVR . . 
C L A C L L  . .  
T A D  FLGOV 
SZA 
JMP . t5 
J M P  1051 
6 170 
J M P  RESTOR . 
ASTOP 
J M S  SSTOP ' 
J M S  C R L F  . 
JMSTYPX 
C M F U L L  
CLA IAC 
DCA FLAGR 
J M P  RESTOR . 
1777 
0600 
2777 . 
0 
4 4 0  
0 .  . 
0 
0 
0 
0500 
J M S  1 175. 
JMS 1 1 7 5 .  
RSW . . . 
R A L  
S Z L  . . 
JMP i i 5 3  
R A L  
S Z L  
J M P  1161 
H L T  
J M P  RESTOR 
Jh13 TYPX 
CMBTG 
J M S  C R L F  
TAD.KE2O 
LSW 



5022 
5022 
4767 
5272 
4 0 3 2  
,1371 . 
6 170 
5372 
I200  
0020 
0020 KEZO, 
1000 KEIK, 
3037 
5 0 22 
0003 
0013 
I200  
04 00 

*I200 
0000 TYPX, 
7300 
1600 
3 2 14 
2 200 
1614 TYPXI, 
7002 
4215 
1614, 
2214 
4215 
5 205 
0000 TYPNT,  

0000 TYPY, 
0 234 
74 50 
5h?? 
1235 
7440 
5 22u 
1236 
4242  
1 L j r  
7510 TYPY1, 
I. 240 
1241 
4242  
5615 
0077 TIC77, 
7741 TKM37, 
0215 TK215, 
7653 TKM1'25, 
0100 TK100, 
0237 TK237,. 

J M P  RESTOR 
J M P  RESTOR 
J M S  TYPX 
CMTIME 
J M S  C R L F  
TAD KEIK 

LSW 
J M P  1172 

2 0 
1000 
DCA FLAGR 
J M P  RESTOR' 

0 
CLA C L L  
TAD I 
DCA 
IS z 
TAD I 
7002 
J M S  
T A D 1  . 
IS z 
J M S  
J M P  
0 

0 
AND 
SNA 
JhdP I 
TAD 
SZ A 
J M P  
TAD 
JMS 
'I'AJJ 
SPA 
TAD 
TAD 
J M S  
J M P  I 
7 7 
-37 
215 
-1 25 
100 
237 

T Y P X  
T Y P N T  
T Y P X  
TY P N T  

T Y P Y  
T Y F N T  . 
T Y P N T  
T Y P Y  
T Y P X l  

TK77 

TYPX 
TKM37 

.TYPYl 
TIC21 5 
TESX 
' I 'KMI LS 

T K ~  do 
TK237 
T LSX 
T Y P Y  



COMM I 

ECHO D 

T L S  - 
TSF  
J M  P . . - 1 .  . 
TCF 

JMS I QMK 
a A  CLL 
JMP RESTOR 
CRLF 

. . 

CL A 
TAD 
JM S 
K SF 
JM P 
KRB 
C I A  
TAD 
SZ A 

' JMP 
JM S 
JM P 
CI A 
TAD 
JM 
JMP 
257 

CLL 
T K 3 3 4  
TL sx 

ECHO 
CRLF 
RE ST0 R 



0000 DPDADD, ,O 
7300 .  ' C L A  C L L  . . 

1 3 4 5  T A D  S O R D  S. P. DATA MUST BE I N  N ' . 

7 7 1 0  S P A  C L A  /D.'P; DATA M U S T  BE IN M " 

1 3 7 7  , . T A D  (400) 
1377 TAD (400) 
1776 T A D  XN / A D D S  P R E S E N T  - D A T A  Y 

3 2 6 1  ' DCA YN / T O  H O L D I N G  R E G  < A L S D w  E T C . )  -. . .- 

1 7 7 6  T A D  XN 
D C A  P A D D  3260 . . . .  

,373. T A D  A A O O ~  ' 1 . .  ' . '  
3257 

. - 
DCA AADD . . 

7 1  00 RETADD,  C L L  
1 6 6 0 . .  . T A D  I P A D D  . . .  1657 T A D  I AADD . . . . . . .  . . . . 
3657 D C A  I AADD I 

1345 T A D  S O R D  . . 
4700 SMA. C L A  
5227 J M P  .+5 : .  

70 011 R . ~ I ,  '- 
I E Z  PADD' C e G O  

1 6 6 0  T A D  I P A D D  . , 
. a .  . . . . . .  i s  10 SIC P . . 

70 04 RAL . , -  

2257 IS2 AADD 
1 6 5 7  T A D  I AADD . . ' . '.t . . . . 
3657 DCA I AADD 

F(AL 7004 
I SZ AADD 2257 

! 657 T A D  I AADD 
3657 D C A  I AADD . . . .! 

. . 
. . .  1 2 5 7  - . T A D  AADD , 

' , . . .  ' 7 0 4  1 " C I A  
137 1 - ... ' . TAD A A O D f 3  . 
4 7 7 0  3MS I 1570 
5600 ' tJI,IP I DPDADD , . . 
1 3 6 1  T A P  n\l 
3260 DCA P A D D  

TAD'  A A O D I 2  I372 
3257 DCA ' A A ~  . . .  

;, , * . -: 5214, JpjP R E T A D D  . , . 
0000 A L S D S N ,  0 
0000 A t l S D S J ;  0 
0000 AHSDSN,  0 ' 

0000 ALSCPJ, 0 . . 
0000 AJIsDN;  . 0 .  ' . 

oooo N!saJ; o , 

UUOO AAL'D, 0 . 
0000 PADD, ' 0 
0000 YN# 0 
0000 D P ~ S U B ,  0 / T N < E S .  SU;r l (S+N>-SU14CFJ)  AWD P U T S  
7300 ' C L A  G L L  / I T  , I N  L S D H  ETC.  .. ( - ' T R I P L E  P R E C ' )  
1 2 5 4  T A D  ALSDN . . 

3UU 1 CIA 
T A D  ALSUSN 

. . 
1251 . . 

3307 DCA L S D H  , - 
7004 .. R AL . . 
33 12 DCA K E E P D  

T A D  AIISIXJ 1 2 5 5  + . . . . 
7 0 4 0  - C!I A 

T A D '  AIISDSN 1 2 5 2  . . . 
.T.AP KEEPD 1 3 1 3  



. . - - -- -. -. 
. . -73 - 

. -. '. . 
01477 7004 RAL ' L. 

O l S O O .  3 3 1 2  .DCA K E E P D  
, 0 1 5 0 1  1 2 5 6  T A D  AHSDN 

. . 
01502 7040 .(;MA 
O f 5 0 3  1 2 5 3  . TAD AHSDSN 
01504 1 3 1 2 '  . T A D  K E E P D  . . 

DCA HSDH ' 01505 3311 ,. 
01506 5662 J M P  I D P D S U B  . 

. 01507 0000 L S D H D  0 . . . . 

0 1 5 1 0  0000 MSDH; 0 
0 1 5 1 1  0000 HSDHD 0 
01512 0000 K E E P D D  0 
O f 5 1 3  7200 CHECKDD CLA . - ;CHECKS WHETHER Y O U  WANT TO DI s .. 

. ,  01514 1 3 4 4  . T A D  X)FN / S + N D  N D  O R  ' S + N - N s S  AND , L O A D S  L 
01515 4 5 1 0  S P A  /ACCO RDIN GLY 

.. . 01516 5325 , J M P  N O 1  S E  
015i7 7640 SZA CLA 

JMP S I G P N  0 1 5 2 0  5335 : . . .. 4 :. 
0 1 5 2 1  4262 ' 3MS D P D S U B  . . 

. .  . 

01522 7420 SNL 
01523 5 7 7 5  . JMP 1704.. . . 
01524 5774 ' J M P  S R O T  

. . 
. . 

01525 7300 ' N O I S E D  C L A  CLL . . 
01526 1 2 5 4  ' . T A D  ALSDN 
01527 3307 . DCA L S D H  . 

TAD 'AM SDN . . O f 5 3 0  1 2 5 5  
0 1 5 3 1  . 3 3 1 0  ,. ' DCA MSDH . . . . . . 
01532 1 2 5 6  ' T A D  AHSDN 

'01533 3 3 1 1  DCA HSDH -. 
. 01534 5774 JMP S R O T  

, 01535 1 2 5 1  S I G R J D  TAD ALSDSN 
01536 ,3307 . DCA LSDH . . . . 

' 01537'  1 2 5 2  TAD AMSDSN . - . . .  . 

DCA 'MSDH ' 01540 3 3 1 0  . +  , 
01541 1 2 5 3  T A D A H S D S N  . . . . . . . , 

' . '  01542 3 3 1 1  ' DCA I-ISDH 
01543 5 ' 7 3 4  JMP S R O T  
0 1 5 4 4  0 0 0 . 1  . SOFDJr 1 . / S O ~ W > O D  S+N; COJ N; = O D  . S + N - N = S  ' 

0 1 5 4 5  O O O ~  SORD, 1 , . . /.';CIRD>O; DtQA S I N G L E  PREC.  
, . 0 1 5 f ~ 6  0000 CLEAR* 0 . 

. - 
/ C L E A R S  MEMORY L O C A T I O N S  STADD 

0 1 5 4 7  7200 ' ,  . CL A . . / P L U S  N. E N T E R E D  THUSLY! 
0 1 5 5 0  1746 TAD I: CLEAR . . /JMS CLEAR; STADD; N 
0 1 5 5 1  3365 DCA STADD 

' 01552 2 3 4 6  . I sz 'CLEAR 
TAD I CLEAR . .  . 01553 1 7 4 6  . . .. , 

01554 7 0 4 1  C I A  .. 
0 1 5 5 5  3366 ~ C A  C O W J T C  . . 

' . 0 1 5 5 6  3765.  . . DCA 1 STADD 
I S Z  'STADD . . 0 1 5 5 7  2365 . . 

0 1 5 6 0  2366 IS2 C O U J T C  . . .  ... . 
0 1 5 6 1  5356 ' JMP ;-3 . 

. 0 1 5 6 2  2 3 4 6  1 ,SZ CLEAR 
0 1 5 6 3  7300 .- . C L A  CLL 

- 0 1 5 6 4  5 7 4 6  J i4P  I CLEAR .. . 
. . 

0 1 5 6 5  0000 STADD, 0 
. . . . 

O f . 5 6 6  0000 COUN'I'CJ 0 
. . 

, . 
. . 0 1 5 7 . 0  0 5 2 0  / D I S P L A Y  ROUTIbIE F O H  :1'II4E OF F L I G l i T .  

. . ' 0 1 5 7 1  1 4 5 6 .  /AUTOI.IATI CALLY SCALES WTII , !  AXES. TAKES SUM O F  N ~ 1 1 . 1 s .  
. . 0 1 5 7 2  1 4 5 4  . /.TAKES S+N-EID L O O K S  AT OII IC; I I J / ;L  DATA F I E L D  ( S I I J G '  PJZI:C) 

. 01573 l45l .  /.OR A T  DOUULE . P H E G I S I O I . I  STOl iAGE L O C A T I O N S .  ' 

: . .0157/4 1 6 4 7  . . 
. . .  .. i . . 



.-... - 

01575 1704 
-74- 

01576, 1756 
01 5.77 0400, * 1600 

, . '01600 7300 DISPLA, C L A  C L L  
01601 3355 DCA NDTS 
01602 3362 DCA R O T F  
01603 3365 DCA NA 
Of604 1354 T A D  NBINA 

' 01605 -2355 IS2  NOIS 
01606 7004 R A L  
01607 4 7 2 0  SNL 
01610 5205 JMP,  - 3  

" .  01611 7300  CLA C L L  
. . 

P16'2 STAR,  
DCA NA. 

01613 CLA . . 
01614 7UOO NOP 
01615 7000  NOP 
01616 5222 ' " 3MP .'+4 

, 01617 7240 . CLA CMA 
01620 1362 TAD ROTF 
01621 . 3362 bCA WTP /SETS ROTF=ROTF- I IF NO VALUE > 
01622 1362 TAD ROTF ' /~!h OF FULL S C a E  . 

. , 01623 1377 TAD (+6)  . . . 
Of624 ?500 %A 

. 01625 5231 JMP .+4 
01626 7200 . CLA" 
01627 1376 TAD (-5)  /WON 'T ROTATE, 'WY MORE THAN 5 
01630 3362 DGA Fb3TF 

- 
01631 7240 CLA CI4A . . :' . 

. . 
01632 1353 TAD START2 
01633 3356 DCA XN /XN= START2- 1, . 

. I 
. . 

. ' O f  634 4775 RETI J13S CLEAR 
0'1635 1451 ALSDSN 

. . 01636 0006 6 
01637 1364 TAD NBIND . . 
01640 7041 . ' CIA 

' 01641 3360 DCA NBIN2 
01642 2356 152 XN 
01643 4774 JMS DPDADD 

IS2 NBIN2 . ' 01644 2360 
01645 5242 JMJ' .-3 / r i D D S  UP N B I N S  TO TRIPLE PRE 
V l b 4 b  5 ' 1 ' f d  JrlP KHECh'b 
01647 1362 SROT, TAD.ROTF A !  : 

01650 7500 %A 
. . 

. 5  

01651 7041 CIA. /MAKES ROTFZ=-ABSCROTF)  
. 01652 7450 SNA /SKIPS ALL ROTATING I F  ROTF=O 

' JMP . + 5  01653 5260 
01654 3363 DCA W T F 2  

. 01655 4320 JMS TROT /ROTATES TRIPLE P R E C ~  S ~ O N  
01'656 2363 I SZ ROTF2 /RIGHT ( O R  LEFT , I F  ROTFeO 
01657 5255 . . JHP .-2 
01660 7200 CLA;" . 

0.1661 1772 TAU MSUIt . . 
nlc,(,e 3440 SZA . . . 

JtdP BIG 01663 5350 
01664 1771' ' ' TAD If SDII 
0166s 7440 SZ A /IF. WYTIfIIJG ],EFT IN HSnH O R  MSB 

-- . 01666 5350 , JIIP' BIG /THEN r)I 1)IJ ' T ROTATE R I  GIIT ' E I J O U G ) ~  - 
. .  . 01667 1770 . TAD LSDH , . . . 

. 01t?9 ' 5$68 SPA 

01672 6063 
NOP / I F  IINY VfiLUE IS,UITHIIJ  2 OF F S  . 
D Y L  . . '/I:LAI;D I S  SET N O f J - Z E R O  . 



01673 7300' 
01674 1355 
01675 7041 

' 01676 3357 
' ' .  0.1677 1365 

01700 2357 
0170.1 53l5 
01702 6053 

' . 01703 6Os4 
01704 7300 
01705 1354 
01706 7041 

. 01707 1365 
01710 2365 
01711 7710 
01712 5234 
01713 5211 
01714 7000 
01715 7100 ROT, 
01716 7004 

. ' 0,717 5 3 0 0 ,  
01720, 0000 TROT, 
01721 7200 
01722 1362 
01723 7500 
01724 5326 
,01725 5341 
01726 7300 TRRI 

. l -  01727 1771 
01730 9010 

' 01731 3771 
. , 0 1 7 3 2 .  1772 . 

01733 i o l o  . . 
. 01734 37'72 

.: 01735 1770 
01736 7010 

1. 0 1737 3770 
01740 5720 . . 
01741 7300 TRLI 
01742 1770 . " 

01743 7004 
01744 7430 . 
01745 5350 
01746 3770 
01747 5720 
01750 2362 BIG,  
01751 7000 . . .  
01752 5213 
01753 20011 S T A H T ~ I  
'0 1754 0062: 
0.1755 0nr.o . N D I  S, ' 

01756 0000 XN, ' 

01157 0000 N N ;  
- .  ' . 

. . 
-75- 

C L A  CJAL 
TAD NDIS 
CIA 
DCA NN 
TAD NA 
ISZ NN 
JMP. ROT 
DXL 
DIX 
CLA C L L  
TAD NBINA 
CIA 
TAD NA 
ISZ NA 
SPA C L A  
J M P  R E T  
J M P  1611 
N O P  
CLL 
RAL . 
JMP SKIP 
0 
CLA 
T A D  M T F  
M A  
JMP TRR 
JMP TRL 
CLA CLL 
.TAD HSDH . 
M R  
DCA HSDH 
TAD t4SDH 
RAR 
DCA MSDH 
TAD LSDH 
RAH 
DCA L S D H  
JMP I TROT 
CLA C1.L. 
TAD LSD11 . 
RAL 
S Z L .  
JMP B I G  
DCA L S D H  
JI4P I TROT 
I S Z  ROTF 
NO P 
JMP S T A R  
2001 - 
0062 
0000 
0000 

' .OOOO 

"..-.. . - - -. . - . 

/PREVIOUS S T E P  LOADS Y-AXIS 





. . 
*SO00 
BTX, JMS ~ P X  

CMBINT 
, J M S  INPUT 
61 74 
JMS I 7 .  
FPUT F B I N T  . 
FEXT ' 

CLA CLL 
JMP RESTOR 

NBTL, O 
CTL I 0 

CLA CLL 
DCA NCTL 
J M S  1 34 

' JMS 1 7 
FPUT CTHOLD 
F M W  MILL - - .  

0 0 0 0  . FEXT . 
4 4 0 7  CTLHET, JMS I i 
4 2 6 7  F D I V  TEN 

. . FEXT 0 0 0 0  
2 3 4 0  I SZ NCTL 
1 3 7 5  . TAD (-7)  
1 0 4 4  . TAD 44 
7 5  1 0  SPA 
5 2 7 2  ~ M P  CTLERR 

: TAD ( -41 )  

SMA SZA . 
JMP CTLRET 

CTLAGNr SNA 
JMP CTLYES 
I sz 44 
CLA C L L  
TAD 4 5 . .  
RA R 
DCA 45 

. TAD ( - 1 3 )  
TAU 4 4  
JMP CTLAGN 

CTLYESj TAD ' ( -3)  
.TAD NCTL . 
SPA 
JMP CTLERR . 

, TAO ( - 5 )  / ~ < = N c T L < = u ? ?  NO: ERROR MESS 
.'. SMA SZA 

J M P  CTLEHR 
CL A 
TAD 4 5  
A N D  ( 7 7 6 0 )  /THROW AWAY 4 L S B  
TAD NCTL 

" 6 1 7 3 '  
' J M P  I CTL 

MILL0 FLTG + 1 0 0 . 0 0 E + 0 4  



I . . '-78'- 

05075 0000. CTR, 0 
05076 7200 CL A 
05077 1340 . TAD NCTL 
05100 7041 . C I A  
05101 3341 DCA NCTLL 
,05102 4407 J M S ' I  7 
05103 5267 FGET TEN 
05104 0000 FEXT 
051 05 234 1 CTRRET, I SZ NCTLL 
05106 7410 ' SKP 
05107 5,315 ' JMP, CTROUT 
05110 4407 J M  S I 7 
05111 3267' I%PY T W  
05112 7000 M O  R 
05113' 0000 FEXT . 
05114 ,5305 . J M P  CTHRET 
051 15 4407 CTROUTD JMS 1 7 
05116 6335 FPUT NCTLF 
051 17 0000 FEXT .'. 
05120 ' 7300 Cl,.A c1..1,, 
051CI 6172 . 6170 
05122 3045 DCA 45 ' 

05123 . 1367 TAD (13) 
05124 3044 , DCA 44 
05125 3046 ' DCA 46 
05126 4407 J M S  I 7 
05127. 7000. M O R  
05130 4264 FLIIV MILL 
05131 3335 F M W  NCTLF 
051 32 7000 FNOR 
osiss .oooo FEXT . 

: 05134 5675 J M P  I CTR 
05135 .0000 NCTLF, 0 
05136 0000 0 
05137 0000 0 
05140 0000 IJGTLD 0 
05141'0000 NCTLLD o 

CTLXI J M S  TYPX ' 

CM CT 
JM S C'I'L 

. ' Jt4P RESTOR 
CTRX, JMS T Y P X  

a 4  CTR 
. J(4S CTR 

TAD (6) 
DCA' 62 
TAD (3) 
J M S  0 UTPUT , 

JldP HESTOR 
SHIFTK, JMS T Y P X  . . 

Ctdhj < 
J M S  INPUT 
Dck NU1I.J.D 

- JMP 144 



. . . . 
. . 

. . . .  
. . .  . . 

t .  

. . 

TEXT "BI . . 
. . 

. . 
. . .  

TEXT "TR, ' 05365 2422 CTE,RR, . . . . 
. . 0'5366 31/40 Y 

05367 0107 . .AG. 
. ' . 05370, 1641' N I  . 

. ,05371 3700 -'' 
. . . . .  

'. 05372 0 3 2 4  ' CMCTI TEXT "CT 
05373 7.540 , = .. , . . 

' . ,05374 4000 " . . .  . . 
... 

.05375 24 1 i : CMG'I'H, ' TEXT *'TI . . . 
. 05376 ' ',I505 ME. - . . . . 

05377 7500 ' '=** . . 



91300 
4705 
2000' 
3000 
6001 
5706 
1546.  
1600 
7300 
1313 
571 2. 
0432 ' ' 

7600 
1623 CMNS, 
7500 ="  

* I 3 1 6  
4134 NBINX, 

, 3 7 2 4  . 
4407  
6 5  76 
.Q000 . 

CLA CLL. 
T A D  KCONTI 
J M P  I1312  

TEXT "NS 

JMS INPUT 
. DCA I NBINAX ' ': 

JMS I 7 
FPUT I FNBINX 
FEXT 

.5 144 J M P  1 4 2 .  
1754 NBINAX, 1754 . . . 

' ,  

. . .  . . 

4 1 34 PARALD, ' JMS IN PUT 
4407 JMS I 7 . . 
6.7 3 6 FPUT I FDI STX 
0000 FEX T 
4134 JMS IlJPUT 
4d07 J M S I 7  . 
6 7 3 7 FPUT I FDTX 
0000 FEXT 
5740 JMP I TOT 
035Y FDlSTXa 354 

. . 

0351 FuTX, 351 
0 2 0 3  . TOT, 203 

CLA IAC 7201 SWJ  
3752 UL;A 1 SUy?N(N); 
5 144 dI.112 194 ' 

t 240 r q o l ~ ~ ,  CL'A C ~ I A  
3752 . DCA I SORNX 
5 144 JMP 144 . 
7300 SIGNAL, C L 4  CLL 
3752 DCA I SORNX 
5144 JMP 144 
15/14 SORNX; 15f14 
7201 SP, C L A  IAC 
37 65  DCA I .WHDX 
1367 . TAD TOO0 
3766 , . DCA I STARTX 
5 144 JMP 14.1 , 

' 7 2 ~ n  n ~ . .  CLA CMA 
3765 DCA I SORDX 
1370 TAD TOOT . 
3766 DCA I STARTX 
5141. JIIP 144 . 
1545 S O R D X ,  15/45 ' 

47 53 STAIiTX, 1 7 5 3 .  , 

.%001  T000, 2001 , . 
3002 ' TOOT, 300% 



TEXT /DA 

W40VERs TEXT /OV 
EH 
FL . . 

O W  
4- 

ii . . 
CY 
CL 
ES - - 




