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COORDINATED SCIENCE LABORATORY 

SUMMARY OF 

PROGRESS REPORT FOR JUNE, JULY, AUGUST, 1964  

1. Aerospace Group 

Three rockets employing closed loop instrumentation for 

radio propagation measurements in the D region of the ionosphere were 

fired before, during, and after sunrise on July 15, 1964 .  Reduced 

data from the April 16 shot is presented. 

2 .  Surface and Atomic Physics 

Results of tests of an ultrahigh vacuum, rotary-motion, 

feedthrough are reported. An experiment to study the elastic and 

inelastic scattering of electrons at solid surfaces is described. A 

study of the cross-section for scattering and ionization of barium 

atoms by low energy electrons is reported. 

on experiments to study the adsorption-desorption kinetics of gases at 

solid surfaces, the angular distribution of secondary electrons, and 

Auger electron ejection is given. 

A summary of the progress 

3.  Computer Application Group 

Continuing developments on an experimental time-sharing 

system are reported. Improvements and additions to the SMP-CSX-1 

Bubble Chamber Data Processing work are described, 
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4.  Sys tems 

An important problem in the computer analysis of networks, 

namely the generation of trees without duplication, has been solved. 

The necessary and sufficient conditions for the realizability of a 

given state diagram as a quasi-linear sequential machine have been 

obtained. The necessary and sufficient conditions for the realizability 

of a given matrix as the A matrix (state matrix) of an RLC half-degenerate 

network have been found. 

cedure into the right half plane is complete. Further progress is 

reported on the problems of the path matrix of a contact network, lossy 

communication networks, and self-diagnosing computers. New results in 

coding theory relate to the transmission rate in a communication channel. 

Several studies of nonlinear oscillating systems have been completed 

and are reported. 

studies of stability, system optimization, and rendezvous strategies. 

The extension of the Dasher synthesis pro- 

In the area of control, progress is reported in 

5. PLATO 

Progress on the construction and circuitry of the twenty 

student station teaching system indicates that at least ten student 

stations will be operable in November. The compiler, CAT0 (Compiler 

for Automatic Teaching Operation), has been completed. The resident 

program for CAT0 is now completely revised to allow for more efficient 

use of the PLATO 111 equipment, and compatibility with CATO-compiled 

programs. The inquiry training lesson, REPLAB, has been used further, 

this time by a demonstration class in a teacher's summer workshop on 
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i nqu i ry  t r a i n i n g  techniques.  A s h o r t  experiment i n  teaching small  

c h i l d r e n  the  l e t t e r s  of t he  alphabet  has  suggested some of the  problems 

involved i n  using PLAT0 wi th  very young ch i ld ren .  

under development inc ludes  a t e x t  book t e s t e r .  The f e a s i b i l i t y  of  

e x t e r n a l l y  c o n t r o l l e d  discharges has  been s u c c e s s f u l l y  demonstrated i n  

connect ion wi th  the  plasma discharge d i s p l a y  tube r e sea rch  p r o j e c t .  

New lesson m a t e r i a l  

6 .  Vacuum Instrumentat ion 

Work on u l t r a h i g h  vacuum mass spectrometer  s t u d i e s  i s  r epor t ed .  

Modif ica t ions  t o  t h e  photocurrent  suppressor  gauge show a cons iderable  

improvement i n  performance i s  poss ib l e .  Some methods o f  r e p a i r i n g  poor 

q u a l i t y  o r  damaged s to rage  tubes a r e  d iscussed .  Impact i o n i z a t i o n  

c o e f f i c i e n t s  f o r  CO on molybdenum and O2 and CO on plat inum a r e  repor ted .  

7 .  Plasma Physics  

An a l g e b r a i c  theory o f  shock s t r u c t u r e  has  been completed. 

The r e s u l t s  of  t h i s  theory and o f  r e c e n t  Monte Carlo c a l c u l a t i o n s  have 

l e d  t o  t h e  pre l iminary  design of  a new numerical i n t e g r a t i o n  scheme 

f o r  t he  Boltzmann equat ion.  Theore t i ca l  work on o s c i l l a t i o n s  i n  non- 

uniform plasmas was s t a r t e d .  One p a r t i c u l a r  model i s  d iscussed  i n  

some d e t a i l .  The eigenvalues  of  o s c i l l a t i o n  a r e  c a l c u l a t e d  e x p l i c i t l y .  

8. High Maqnetic F ie ld  Superconductors 

Progress  i s  repor ted  i n  the  fol lowing areas:  (1) Prepa ra t ion  

of  s i n g l e  c r y s t a l l i n e  NbgSn; (2)  S tud ie s  of  c u r r e n t  peaks i n  t h e  cu r ren t -  

vo l t age  c h a r a c t e r i s t i c s  of superconducting tunnel ing  junc t ions  r e l a t e d  
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t o  t h e  AC Josephson e f f e c t ;  (3) Superconducting p r o p e r t i e s  of tha l l ium-  

antimony a l l o y s ;  and ( 4 )  Development of  a very s e n s i t i v e  low impedance 

vol tage  d e t e c t o r ,  

9.  High Voltage Breakdown 

The s i g n i f i c a n c e  of c r i t i c a  f i e l d  va lues  f o r  breakdown i s  

d iscussed .  Observat ions of  emission p o i n t s  on broad e l e c t r o d e s ,  t he  

e f f e c t  o f  gas  on prebreakdown c u r r e n t s ,  the  use of  gold e l e c t r o d e s ,  and 

f u r t h e r  observa t ions  of  f ie ld-emiss ion  f l i c k e r  a r e  r epor t ed .  

10. Thin Films 

Photoconductive measurements have been made on t i n  oxide 

f i l m s  i n  the  cont inuing  e f f o r t  t o  l e a r n  more about t h e  e l e c t r o n i c  

s t r u c t u r e  of t h i s  m a t e r i a l .  Using heated s u b s t r a t e s ,  f i lms  of vanadium 

and niobium have been made which have normal superconducting p r o p e r t i e s .  

This  i s  an important  improvement over e a r l i e r  r e s u l t s .  

were hea ted  using an evaporated t i t an ium f i l m  on the  r eve r se  s i d e  on 

t h e  s u b s t r a t e  a s  a r e s i s t i v e  hea t ing  element. E lec t ron  d i f f r a c t i o n  

and e l e c t r o n  microscope photographs have been made o f  t h e  s t r u c t u r e  of 

some t i n  f i lms  grown on cleaved NaCl s u b s t r a t e s .  Pre l iminary  a t tempts  

have been made t o  depos i t  by evaporat ion luminescent sc reens .  

The s u b s t r a t e s  

11. Computer Operations 

Operating s t a t i s t i c s ,  equipment mod i f i ca t ions ,  and systems 

programming a r e  repor ted .  
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1. AEROSPACE GROUP 

H. Krone 
J .  Gooch 
G.  Karr 

W .  Prothe 
R .  Anderson 

On J u l y  15, 1964, the Coordinated Science Laboratory f i r e d  

t h r e e  rocke t s  of  the  Nike-Apache type i n  a series o f  experiments 

probing the  ionosphere.  This w a s  conducted under a synopt ic  I n t e r -  

n a t i o n a l  Year of t h e  Quiet  Sun (IQSY) program which i s  d i r e c t e d  by 

D r .  Sidney Bowhill. The experiments f o r  which CSL was r e spons ib l e  

were of  a similar na tu re  a s  the one conducted A p r i l  16,  1964, and 

r epor t ed  i n  the  CSL Progress  Report f o r  March, A p r i l ,  and May, 1964. 

The purpose of  t hese  propagation experiments i s  t o  measure the  e l ec -  

t r o n  c o l l i s i o n  frequency p r o f i l e  of t h e  D r eg ion  f o r  t h r e e  d i f f e r e n t  

condi t ions ;  i .e.,  be fo re ,  dur ing ,  and a f t e r  s u n r i s e .  

All t h r e e  propagation experiments were success fu l ly  conducted 

i n  the  c losed  loop mode, i n  which a servomechanism c o n t r o l s  the  ex t r a -  

o rd ina ry  wave t r ansmi t t ed  power, a s  explained i n  the  previous progress  

r e p o r t .  I n  a d d i t i o n  t o  a l l  the s i g n a l s  which were te lemetered from t h e  

rocke t  t o  t h e  te lemet ry  s t a t i o n s  i n  t h e  Apr i l  16 experiment,  t he  

r e c e i v e r  automatic g a i n  cont ro l  vo l tage  was included i n  t h e  th ree  

J u l y  15 experiments.  The a v a i l a b i l i t y  of t h i s  in format ion ,  toge ther  

w i th  rocke t  antenna and receiver c a l i b r a t i o n  d a t a ,  a l lows a determina- 

t i o n  of ord inary  wave e l e c t r i c  f i e l d  i n t e n s i t y  versus  h e i g h t  t o  be 

made. It a l s o  al lows co r rec t ions  of  the  d i f f e r e n t i a l  absorp t ion  pro- 

f i l e  f o r  nonl inear  r ece ive r  c h a r a c t e r i s t i c s .  



2 

Since the  sun ' s  u l t r a v i o l e t  l i g h t  i s  t h e  main ion iz ing  agent  

f o r  t he  D reg ion ,  conducting a series of rocke t  probes a t  p r e c i s e l y  

known i n t e r v a l s  before  and a f t e r  sun r i se  provides  f o r  the measurement 

of t h e  photo ioniza t ion  buildup due t o  the  sun. Hence, one should observe 

very l i t t l e  d i f f e r e n t i a l  absorpt ion and Faraday r o t a t i o n  before  s u n r i s e  

a s  compared w i t h  a f t e r  sunrise .  The a c t u a l  d i f f e r e n t i a l  absorp t ion  and 

Faraday r o t a t i o n  d a t a ,  versus  t i m e  a f t e r  launch,  f o r  rocke t  f i r i n g  

14.144, during which t h e  e a r t h ' s  shadow w a s  up a t  about 330 Km, and f o r  

rocke t  f i r i n g  14.146, a t  which t i m e  t h e r e  was no e a r t h  shadow a t  t he  

launch a r e a ,  a r e  shown i n  Figures  1.1 and 1.2, r e spec t ive ly .  The d i f -  

f e r e n t i a l  abso rp t ion  da ta  f o r  f l i g h t  14.146 does show a h igher  t r end  

than t h a t  f o r  f l i g h t  14.144, but  no t  very c l e a r l y .  The reason f o r  t he  

l a r g e  f l u c t u a t i o n s  i s  n o t  p re sen t ly  known. F luc tua t ions  of t h i s  magni- 

tude were no t  observed i n  the  d i f f e r e n t i a l  absorp t ion  da ta  f o r  f l i g h t  

14.143 f i r e d  A p r i l  16,  1964. The Faraday r o t a t i o n  d a t a ,  on the o t h e r  

hand, shows c l e a r l y  the  expected d i s s i m i l a r i t i e s  between t h e  two f l i g h t s .  

I n  f l i g h t  14.144, t h e  t o t a l  Faraday r o t a t i o n  was approximately t h r e e  

cyc le s ,  whereas i n  f l i g h t  14.146 i t  was about 13-112 cyc le s .  

f a c t  i s  t h a t  the  h e i g h t  a t  which the  ex t r ao rd ina ry  wave was r e f l e c t e d  

i n  f l i g h t  14.143, a s  ind ica ted  by t h e  abrupt  r ise  i n  t h e  corresponding 

d i f f e r e n t i a l  absorp t ion  and Faraday r o t a t i o n  curves (82 seconds a f t e r  

launch,  which corresponds t o  an a l t i t u d e  of  about 50 mi l e s )  appears  

lower than t h a t  f o r  f l i g h t  14.146, whereas the  oppos i t e  should p r e v a i l .  

A puzzl ing 

Deta i led  d a t a  ana lys i s  i s  being continued on a l l  four  

r o c k e t  f i r i n g s  i n  order  t o  extract  t h e  maximum da ta .  By means of 
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s t a t i s t i c a l  a n a l y s i s ,  Faraday r o t a t i o n  d a t a  i s  being e x t r a c t e d  wi th  a 

r e s o l u t i o n  of about one degree. I n  t h i s  way, a s l i g h t  decrease wi th  

he igh t  i n  Faraday r o t a t i o n  before  i t s  l a r g e r  monotonic inc rease  may be 

concluded from the  da t a  shown i n  Figure 1 . 3  f o r  f l i g h t  14.143. This 

da t a  has  been co r rec t ed  f o r  phase s h i f t s  which were introduced by the  

e l e c t r o n i c  c i r c u i t r y  used t o  e x t r a c t  the  da t a  from the  te lemet ry  tapes .  

Another c i r c u i t  i s  being designed which should e l imina te  these  phase 

s h i f t s .  I n  Figure 1 . 3  t h e r e  i s  a very s t rong  c o r r e l a t i o n  wi th  the  

rocke t ' s  p recess ion  about i t s  t r a j e c t o r y  pa th ,  as shown by t h e  sketch 

of magnetic sensor  envelope v a r i a t i o n  versus  t i m e .  

A second van i n s t a l l a t i o n  conta in ing  a l l  t h e  ground-based 

equipment except  t h e  antenna i s  being completed f o r  u s e  aboard an  

a i r c r a f t  carr ier .  One of  the  f i r i n g s  aboard the  c a r r i e r  may take  

p l ace  a t  the e a r t h ' s  magnetic equator ,  a t  which the  rocke t  t r a j e c t o r y  

would be t r ansve r se  t o  the  e a r t h ' s  magnetic f i e l d .  For t h i s  t r ansve r se  

case  a s e t  o f  mutual ly  perpendicular  l i n e a r l y  po la r i zed  waves, i n s t ead  

of oppos i t e ly  c i r c u l a r l y  po la r i zed  waves, would e x h i b i t  d i f f e r e n t  

i n d i c e s  of r e f r a c t i o n  wi th  the r e s u l t a n t  d i f f e r e n t i a l  absorp t ion  and 

Faraday r o t a t i o n .  The use of mutual ly  perpendicular  l i n e a r l y  po la r i zed  

t r ansmi t t ed  waves p l aces  a g r e a t e r  burden on the  rocke t  r ece iv ing  

antenna,  which must be c i r c u l a r l y  po la r i zed  i n  order  t o  r e c e i v e  both 

l i n e a r l y  po la r i zed  waves r ega rd le s s  of  azimuth. C i r c u i t s  t o  do t h i s  

a r e  now being t e s t e d .  

D. Skaperdas 
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2.  SURFACE AND ATOMIC PHYSICS 

Atomic: 

H. Frauenfelder  
F. Franz 

2 . 1  I n  t r o du c t ion  

I n  the  previous progress  r e p o r t ,  an experiment t o  s tudy the  

angular  d i s t r i b u t i o n  of e l ec t rons  e j e c t e d  by ions  and by e l e c t r o n s  

s t r i k i n g  a s o l i d  su r face  and an experiment t o  s tudy the  adsorpt ion-  

desorp t ion  k i n e t i c s  of gases  a t  s o l i d  su r faces  were descr ibed .  The 

design o f  t hese  two experiments i s  e s s e n t i a l l y  complete and t h e  apparatus  

i s  being cons t ruc ted .  It i s  p o s s i b l e  t h a t  both o f  these  systems w i l l  

be assembled during t h e  nex t  q u a r t e r .  

An instrument  designed t o  s tudy the  s c a t t e r i n g  of  e l e c t r o n s  

from s o l i d  su r faces  has  been designed. It i s  f e l t  t h a t  t h i s  technique 

i s  p o t e n t i a l l y  very powerful i n  t h a t  a l a r g e  number of  processes  can 

poss ib ly  be s tudied  by i t .  

s tudy  i o n  emission by e l e c t r o n  impact using t h i s  system. 

r e s o l u t i o n  (0.1 V) i s  poss ib l e ,  t hese  experiments may prove t o  g ive  sub- 

s t a n t i a l  da t a  amenable to  t h e o r e t i c a l  ana lys i s - -a  s o r e l y  needed commodity 

i n  the  a rea  of su r face  science.  This system i s  descr ibed  i n  g r e a t e r  

d e t a i l  below. 

In  a d d i t i o n ,  i t  may a l s o  be p o s s i b l e  t o  

Since h igh  

The apparatus  used i n  t h e  study of  Auger e l e c t r o n s  ( these  

experiments and r e s u l t s  have been presented  i n  s e v e r a l  p rev ious  progress  
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r e p o r t s )  has  been modif ied,  and work i n  t h i s  a r e a  i s  cont inuing.  I n  

add i t ion ,  t he  s c a t t e r i n g  o f  ions from s o l i d  s u r f a c e s  w i l l  be i n v e s t i -  

gated i n  t h i s  system. 

2.2 Rotary-Mo t i o n  Feedthrough 

1 
The u l t r a h i g h  vacuum, rotary-motion feedthrough descr ibed  i n  

t h e  prev ious  progress  r e p o r t  has been cons t ruc t ed .  The output  s h a f t  

was l u b r i c a t e d  w i t h  dry  MoS2 powder.2 

was obta ined  using a small  o i l  pumped system. 

were water cooled during bakeout. Pressure  increments from 2x10 Torr 

t o  5 ~ 1 0 - ~  Torr were observed corresponding t o  angular  speeds from 1 RPM 

t o  about 50 RPM. 

-10 A vacuum o f  about 5x10 Torr 

The e x t e r i o r  bear ings  

-10 

It i s  expected t h a t  t he  vacuum can be improved by removing 

the  e x t e r i o r  bear ings  and using a clamp f o r  bakeout i n s t e a d  of w a t e r ,  

cool ing.  This w i l l  al low the bellows and output  bear ings  t o  be baked 

a t  a h igher  temperature.  

T. Cooper 

2.3 E lec t ron  Sca t t e r ing  a t  S o l i d  Surfaces  

2.3.1 In t roduct ion .  I n d i r e c t  evidence t h a t  e l e c t r o n s  l o s e  

energy i n  d i s c r e t e  amounts i n  i n t e r a c t i n g  wi th  the  su r face  reg ion  of  

s o l i d s  i s  given by s t u d i e s  of t h e  Auger e l e c t r o n  energy d i s t r i b u t i o n  

(caused by slow He ions  inc iden t  on s o l i d  su r face )  f o r  s u r f a c e s  wi th  

3 

'Progress Report f o r  March, A p r i l ,  May, 1964. Sec t ion  2.2, 
page 26: Angular D i s t r ibu t ion  of  Auger E lec t rons .  

2The MoS2 powder was obta ined  from t h e  Moly-Kote Company. 

3F. M. Props t  and E. Liischer, Phys. Rev. 132, 1037 (1963). 
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varying adsorba te  coverage. S tudies  of the  p h o t o - e l e c t r i c  e l e c t r o n  

energy d i s t r i b u t i o n  emerging from su r faces  of  varying adsorba te  coverage 

y i e l d  s i m i l a r  e ~ i d e n c e . ~  An energy l o s s  mechanism has  been used t o  

p a r t i a l l y  exp la in  the  energy d i s t r i b u t i o n s  obtained.  However, l i t t l e  

of p o s i t i v e  n a t u r e  can be learned o f  t h i s ,  and o t h e r  loss mechanisms 

which may be involved,by studying t h e  energy d i s t r i b u t i o n  of e l e c t r o n s  

emerging from t h e  su r face  of  a s o l i d  which i s  s t imu la t ed  by e i t h e r  the 

Auger o r  pho to -e l ec t r i c  process.  

which i s  produced w i t h i n  t h e  s o l i d  by e i t h e r  the Auger o r  the  photo- 

electric process  i s  very broad, t he  wid th  of t h e  e l e c t r o n  energy d i s -  

t r i b u t i o n  being of  equal  magnitude t o  t h e  maximum e l e c t r o n  energy 

involved. 

n o t  ba - r e so lved  and can only  be  de t ec t ed  by the  s h i f t s  which they cause 

i n  t h i s  broad energy d i s t r i b u t i o n .  

The e l e c t r o n  energy d i s t r i b u t i o n  

Thus, any energy l o s s  mechanism which may be p r e s e n t  w i l l  

The e l e c t r o n  energy loss mechanism invoked t o  exp la in  the  

d i f f e r e n c e  between t h e  Auger d i s t r i b u t i o n  f o r  a c l ean  W su r f ace  and 

t h a t  of a W su r f ace  wi th  a gas adsorbed is3 t h a t ,  when e l e c t r o n s  o r i g i -  

na t ing  from t h e  Auger process  reach  the  su r face  of t h e  s o l i d ,  some 

s t i m u l a t e  e l e c t r o n s  i n  the ground s t a t e  l e v e l s  of  t he  adsorbed gas t o  

jump t o  h igher  l e v e l s .  I n  t h i s  p rocess ,  t he  energy o f  t he  Auger e l ec -  

t r o n  i s  lowered by a d i s c r e t e  amount U ,  t he  energy which i s  taken up by 

the  e l e c t r o n  a s soc ia t ed  wi th  t h e  adsorbed gas  atom o r  molecule.  The 

n e t  v i s i b l e  e f f e c t  o f  t h i s  upon the  Auger e l e c t r o n  energy d i s t r i b u t i o n  

of a c l ean  su r face  i s  a decrease i n  t h e  d i s t r i b u t i o n  a t  t h e  h igh  energy 

‘C. N. Berglund, Tech. Rep. No. 5205-1, Center f o r  Mate r i a l s  
Research. 
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end and an inc rease  i n  the d i s t r i b u t i o n  i n  the  lower energy region.  

Fu r the r ,  s i n c e  a l l  Auger e l ec t rons  which e x c i t e  e l e c t r o n s  of the ad- 

sorbed gas  must be d i sp laced  i n  the  energy d i s t r i b u t i o n  t o  a po in t  of  

energy a t  l e a s t  the amount U below t h e i r  o r i g i n a l  energy, the  d i s t r i b u -  

t i o n s  f o r  c l ean  and gas-adsorbed su r faces  should be o f  the  same shape 

(one should be a b l e  to  g e t  one from the  o t h e r  by simply using the  cor-  

rect  mul t ip ly ing  f a c t o r )  from the  high energy c u t - o f f ,  Eo,  down t o  

energy Eo-U. This i s  found to be t r u e  exper imenta l ly .  Also,  i t  i s  

ind ica t ed  t h a t  t he  m u l t i p l i e r  necessary to  make t h e  adsorbed-gas Auger 

d i s t r i b u t i o n  co inc ide  wi th  the c lean-sur face  Auger d i s t r i b u t i o n  i n  t h e  

range from Eo-U t o  Eo i s  d i r e c t l y  p ropor t iona l  t o  t h e  adsorba te  coverage. 

The same mechanism can be used to  exp la in  t h e  d i f f e r e n c e  

between t h e  p h o t o - e l e c t r i c  d i s t r i b u t i o n  f o r  a c l ean  and an absorba te  

covered su r face .  

There a r e  many energy loss  mechanisms o t h e r  than the  elec- 

t r o n i c  t r a n s i t i o n s  of an adsorbed gas  which a l s o  make d i s c r e t e  e l e c t r o n  

energy l o s s  t r a n s i t i o n s  poss ib le .  However, most of t hese  cannot be 

" turned on" and " turned o f f "  by adsorbing and f l a sh ing -o f f  an adsorbable  

gas  a s  can the  e l e c t r o n i c  t r a n s i t i o n s  of  an adsorbed gas ,  so t h a t  t h e i r  

s h i f t i n g  e f f e c t  on the  broad energy d i s t r i b u t i o n  of the  Auger and photo- 

e l e c t r i c  process  cannot be de tec ted ;  n e v e r t h e l e s s ,  i t  i s  q u i t e  l i k e l y  

t h a t  they a r e  p re sen t .  

cause e l e c t r o n  energy l o s s e s  a r e  the  following: 

Some of the energy-loss  mechanisms which could 
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A. S tud ie s  by Gomer5 on su r face  i o n i z a t i o n  o f  adsorbed CO 

i n d i c a t e  t h a t  molecular v ib ra t ion  l e v e l s  can be e x c i t e d ,  Since these  

a r e  separa ted  by only roughly 1/10 v o l t ,  they w i l l  be even more d i f f i -  

c u l t  t o  "see" than the  adsorbate  e l e c t r o n i c  l e v e l s  which have l e v e l  

s epa ra t ions  of  roughly 10 v o l t s .  Suppose t h a t  the  adsorba te  was s t i m u -  

l a t e d  by a "monochromatic" e l e c t r o n  beam of  t o t a l  h a l f  width 1/45 v o l t  

i n c i d e n t  on t a r g e t  su r f ace  and t h a t  t h e  r e s u l t a n t  " r e f l ec t ed"  beam was 

energy analyzed w i t h  t h e  same 1/45 v o l t  r e s o l u t i o n ,  then  one hopefu l ly  

should be ab le  t o  see  a se t  o f  peaks separa ted  from t h e  i n c i d e n t  energy 

by the  v i b r a t i o n a l  energy l e v e l  s epa ra t ions  ( s ince  the  o v e r - a l l  energy 

r e s o l u t i o n  i s  less than 1/25 v o l t  which i s  less than 1/10 v o l t ) .  

B .  I n  semiconductors, s t u d i e s  of  su r face  conduction have 

e s t a b l i s h e d  t h e  ex i s t ence  of " p o t e n t i a l  troughs" a t  t h e  su r face  o f  t h e  

semiconductor. The ex is tence  of the  su r face  s t a t e s  i n  these  p o t e n t i a l  

t roughs ,  t h e i r  width,  and t h e i r  exac t  l o c a t i o n  could be f u r t h e r  e s t ab -  

l i s h e d  by using t h e  same technique suggested above f o r  t he  s tudy of 

t h e  v i b r a t i o n  l e v e l s  of  adsorbed CO. 

C .  Acceptor and donor l e v e l s  provide energy l e v e l s  which 

make d i s c r e t e  e lectron-energy loss t r a n s i t i o n s  p o s s i b l e ,  Even though 

t h e s e  l e v e l s  a r e  i n  t h e  bulk m a t e r i a l ,  t h i s  could poss ib ly  be s tud ied  

a s  suggested i n  A and B .  

5R.  Gomer and L .  Swanson, J .  Chem. Phys. 2, 2833 (1963). 
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D. The f i r s t ,  second, and e tc . ,  f i l l e d  bands below the con- 

duc t ion  band of a metal  provide energy l e v e l s  which can cause e l e c t r o n s  

i n  an i n c i d e n t  beam t o  l o s e  energy. Severa l  types o f  e l e c t r o n  energy 

t r a n s i t i o n  occur  i f  t he  inc iden t  beam has enough energy t o  e x c i t e  elec- 

t r o n s  from these  f i l l e d  bands: ( a )  t he  e l e c t r o n  i n i t i a l l y  exc i t ed  may 

be set  f r e e  o r  end-up i n  t h e  conduction band; (b)  an e l e c t r o n  from the  

conduction band w i l l  f a l l  i n t o  the  ho le  e x c i t i n g  an Auger e l e c t r o n  from 

the  conduction band; ( c )  e t c .  

2 . 3 . 2  Experimental Apparatus.  The experimental  appara tus  

proposed and now under cons t ruc t ion  t o  s tudy these  energy l o s s  mechan- 

i s m s  i s  a s e t  of  e l e c t r o s t a t i c  energy ana lyze r s  and t h e  necessary re- 

l a t e d  apparatus .  The e l e c t r o s t a t i c  energy ana lyze r s  shown i n  Figure 2 . 1  

c o n s i s t  i n  essence of  por t ions  of concen t r i c  cy l inde r s  w i th  a d i f f e r -  

ence of p o t e n t i a l  between. The magnitude of t h e  p o t e n t i a l  between the  

two por t ions  of cy l inde r s  determines t h e  energy of  t h e  e l e c t r o n s  t h a t  

can pass  through t h e  analyzer .  The width o f  t he  s l i t s  a t  e i t h e r  end 

of an ana lyzer  determines t o  a l a r g e  degree the  energy r e s o l u t i o n  of  

t h e  ana lyzer .  

being cons t ruc ted  i s  2AV/V = 1/45. 

The optimum energy r e s o l u t i o n  of each of  t he  ana lyzers  

A s i n g l e  c r y s t a l  of tungs ten  w i l l  be t h e  f i r s t  t a r g e t  used. 

A c a r e f u l  energy a n a l y s i s  of t h e  e l e c t r o n s  " r e f l ec t ed"  from t h e  s u r f a c e  

of  t he  t a r g e t  a s  i t  i s  bombarded wi th  "monochromatic" e l e c t r o n s  f o r  

both c l ean  and gas  adsorbed t a r g e t s  should al low one t o  make some d i r e c t  

and meaningful s ta tement  concerning t h e  energy loss mechanisms a t  work. 
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Elec t ros ta t i c  
Energy Analysers 

\ / 

I 1 
m Xtal  Target U 

Electron Source Cur rent Detector 
Figure 2.1. Schematic of Electron Scattering Apparatus. 
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2 . 4  Tota l  Cross-Sections f o r  S c a t t e r i n g  and fo r  I o n i z a t i o n  of 
Barium Atoms by Low Energy Elec t rons  

Very l i t t l e  da t a  e x i s t s  i n  the l i t e r a t u r e  on the  p r o p e r t i e s  

of barium a s  a plasma cons t i t uen t .  No r e fe rence  has  been found, f o r  

i n s t ance ,  t o  measurements of c o l l i s i o n  c ros s - sec t ions  o r  t o  e x c i t a t i o n  

func t ions .  This l ack  of  information about barium and o the r  a l k a l i n e  

e a r t h  elements may be ascr ibed t o  t h e i r  low vapor p re s su res  a s  compared 

t o  the  a l k a l i e s  and t o  z inc ,  cadmium, and mercury, a l l  of which have 

been s tud ied  i n  some d e t a i l .  However, advances i n  m a t e r i a l s  technology 

have made i t  poss ib l e  t o  contain barium vapor,  and an experimental  

barium-plasma device was reported r e c e n t l y  by Kennedy, Shefs iek ,  and 

Ta laa t .  This i s  a thermionic energy converter  i n  which barium ions  

a r e  employed t o  n e u t r a l i z e  the e l e c t r o n i c  space-charge. The r e s u l t s  

show t h a t  the i o n i z a b i l i t y  of barium vapor,  although no t  a s  g r e a t  a s  

f o r  cesium vapor ,  i s  s u f f i c i e n t  t o  provide the  ions needed f o r  n e u t r a l i -  

z a t i o n  i n  a thermionic converter .  The degree of i o n i z a t i o n  i s  sub- 

s t a n t i a l l y  g r e a t e r  than predic ted  from the  i o n i z a t i o n  p o t e n t i a l  and 

the  Saha-Langmuir formula. This sugges ts  t h a t  the metas tab le  s t a t e s  

i n  barium, f o r  which spec t roscopic  evidence e x i s t s ,  must p lay  an 

important r o l e  i n  producing the  ions .  However, t h i s  r o l e  w i l l  remain 

6 

e s s e n t i a l l y  specu la t ive  u n t i l  c e r t a i n  fundamental da ta  a r e  obta ined .  

The immediate o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  i s  t o  o b t a i n  experimental  

6A. J. Kennedy, P. K. Shefs iek ,  and M. E .  Ta laa t  (Martin 
Company, Nuclear Divis ion) ,”Research and Development f o r  Barium Vapor- 
F i l l e d  Thermionic Energy Conversion Technology.” 
MND-2933-2 (May, 1964) 

Summary Report 
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information on t o t a l  c o l l i s i o n  c ros s - sec t ions  f o r  s c a t t e r i n g  and f o r  

i o n i z a t i o n  of  barium atoms i n  c o l l i s i o n s  wi th  l o w  energy e l e c t r o n s .  

Plans have been made f o r  extending t h e  i n v e s t i g a t i o n  t o  inc lude  exc i t a -  

t i o n  c ros s - sec t ions  of  the  metastable  s t a t e s  a t  an appropr i a t e  t i m e .  

An atomic beam method w i l l  be used i n  the  s tudy.  The essence 

of  t h e  method i s  i l l u s t r a t e d  schemat ica l ly  i n  F igure  2.2. A narrow 

beam of  barium atoms i s  produced by an oven and c o l l i n a t i n g  s l i t .  

beam i s  c r o s s - f i r e d  by a stream of  slow e l e c t r o n s  o f  known energy, 

thereby producing s c a t t e r i n g  of both e l e c t r o n s  and barium atoms, and i n  

a d d i t i o n  e x c i t a t i o n  and i o n i z a t i o n  when threshold  e n e r g i e s  a r e  exceeded. 

The 

The t o t a l  c ross -sec t ion  f o r  i o n i z a t i o n  i s  t h e  s imples t  from 

the  viewpoint of  d e t e c t i o n .  A s u i t a b l e  p o s i t i v e  i o n  c o l l e c t o r  can be 

used t o  count t he  ions .  

The t o t a l  c ross -sec t ion  f o r  s c a t t e r i n g  by slow e l e c t r o n s  w i l l  

be determined by a method similar t o  t h a t  used by Rubin, P e r e l ,  Bederson 

and Englander i n  measurements o f  c ros s - sec t ions  of  a l k a l i  atoms.' 

the  acceptance width of the beam d e t e c t o r  i s  less  than  t h e  beam width,  

s c a t t e r i n g  c o l l i s i o n s  dep le t e  t h e  de t ec t ed  beam i n t e n s i t y ,  thereby per-  

m i t t i n g  the  c o l l i s i o n s  t o  be counted. A s u r f a c e  i o n i z a t i o n  d e t e c t o r  

descr ibed  by Hay 

I f  

8 w i l l  be used t o  d e t e c t  the  barium atoms. 

7Phys. Rev. - 1 1 7 ,  pp. 151-158 (1960), and Phys. Rev. 128, 
pp. 1148-1154 (1962). 

8R. H. Hay, "The Nuclear Magnetic Moments of  C13,  Ba135 and 
Ba137,11 Phys. Rev. 60, pp. 75-86 (1941). 
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A t o m i c  b e o m  

LOW energy d e t e c t o r  
e lectrons 

a t o m s  

Figure 2.2. Schematic of the Apparatus for the Study of the Electron 
Scattering from Barium Atoms. 
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Close con t ro l  o f  sur face  cond i t ions  i s  e s s e n t i a l  f o r  t he  func- 

t i on ing  of  t h e  su r face  i o n i z a t i o n  d e t e c t o r  and f o r  t he  d e t e c t i o n  scheme 

under cons ide ra t ion  f o r  metastable  barium atoms. The i n v e s t i g a t i o n  of 

s u r f a c e  e f f e c t s  i n  t h e s e  d e t e c t o r s  i s  an important  aspec t  o f  t h e  program. 

Consequently, t h e  s tudy w i l l  be  c a r r i e d  o u t  under u l t r a h i g h  vacuum 

cond i t ions  . 
Pre l iminary  p l ans  have been made f o r  t h e  e n t i r e  s tudy.  

Cons t ruc t ion  of components o f  t h e  appara tus  w i l l  be s t a r t e d  s h o r t l y .  

R. Re ther ford  
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3.  COMPUTER RESEARCH APPLICATIONS 

R. Trogdon 
3. Stifle 

R. Jenks 

3 . 1  Introduction 

This group is concerned with the design and applications of 

digital computers for information processing, primarily in the areas 

of real-time and non-numerical operations. The present work concerns 

the development o f  an experimental time-sharing system and studies in 

the applications of computers in experimental physics. 

3 . 2  Logical Design 

The designer of digital data processing equipment invariably 

finds himself dealing with Boolean expressions which describe the func- 

tions and operations performed by the equipment. 

these expressions may be simplified, yielding simpler and more economi- 

cal circuits. Although there are many well known techniques for simpli- 

fying Boolean expressions, even the best of  these techniques can be 

quite time consuming, especially if a large number of variables is 

involved . 

More often than not, 

To eliminate this time-consuming operation, a program has 

been written for the CSX-1 which can be used to simplify Boolean expres- 

sions containing up to eight variables. The program uses the iterated 

consensus technique first described by Shannon and Mills. 
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A d e s c r i p t i o n  of  t h i s  technique may be found i n  "Theory and 

Design of D i g i t a l  Machines," by Bartee,  Lebow, and Reed, Chapter 4 ,  

Sec t ions  4.1 t o  4.8.(McGraw-HillY 1962). 

J. S t i f l e  

3 . 3  The DIOG Experimental Time-sharing Sys tem 

During t h e  previous q u a r t e r ,  hardware has  been i n s t a l l e d  i n  

t h e  CSX-1 t o  handle the  communication between 7094 and the  CSX-1 f o r  

t h e  proposed DIOG system (see Progress  Report f o r  March, A p r i l ,  May, 

1964). This equipment employs f i v e  CSX-1 input -output  channels;  t h r e e  

channels  provide  f o r  d a t a  t r ans fe r  t o  and from t h e  36-bit-word memory 

of t he  7094 whi le  t h e  o t h e r  two channels  a r e  used f o r  con t ro l  informa- 

t i o n .  

7094 system wri t ten by the  Dig i t a l  Computer Labora tory ,  e l imina t ing  t h e  

need f o r  any s p e c i a l  program i n t e r f a c e  between the  7094 system program 

This  equipment makes the DIOG system compatible wi th  the  e x i s t i n g  

and t h e  input -output  channels.  

The Phase Zero DIOG Program has been completed and checked 

o u t  by s imula t ion .  I n  Phase Zero, t he  use r  ope ra t e s  i n  one of two 

modes. I n  the  execut ive  mode, a d ia logue  i s  c a r r i e d  o u t  between t h e  

user a t  the  console  f l exowr i t e r  and the  CSX-1 f o r  t he  purpose of  spec i -  

fy ing  and a c t i v a t i n g  a des i red  func t iona l  program i n  t h e  7094. Four 

d i r e c t i v e s  o r  commands may be g iven  t o  the DIOG c o n t r o l  program i n  t h e  

execut ive  mode: "LOGIN" i n i t i a t e s  a d ia logue;  "CALL" enables  the  use r  

t o  spec i fy  an on - l ine  func t iona l  program; ''TERMINATE" i s  used t o  termi-  

n a t e  the  d ia logue  w i t h  t h e  previously c a l l e d  f u n c t i o n a l  program; 

"LOGOUT" c l o s e s  ou t  a dialogue.  
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Following t h e  establ ishment  of a program, t h e  use r  and CSX-1 

e n t e r  t he  program mode where the  CSX-1 t r ansmi t s  messages back and f o r t h  

between 7094 and t h e  use r .  Here messages a r e  accumulated by the  CSX-1 

and monitored f o r  one o f  two s igna l s :  (1) a "ca r r i age  r e tu rn"  charac- 

t e r  which causes  the  t ransmission of  t h e  prev ious ly  en te red  l i n e  t o  

t h e  7094; (2)  a "STOP" charac te r  f l exowr i t e r  which produces a t r a n s f e r  

of the  d ia logue  back t o  the  execut ive mode. Fur ther  d e t a i l s  of t he  

DIOG system a r e  given by i n t e r n a l  memo D2.  

I n i t i a l  Phase Zero checkout wi th  t h e  7094 w i l l  involve  only  

d a t a  t ransmiss ions  between the two computers w i t h  the  monitor system 

i n  the  7094 simulated i n  t h e  CSX-1. Fur ther  Phase Zero checkout awai t s  

changes i n  the  e x i s t i n g  7094 execut ive  system which w i l l  a l low t h e  7094 

t o  o p e r a t e  e i t h e r  i n  t h e  on- l ine  mode o r  t he  convent ional  ba tch  

process ing  mode. 

R. M. Brown 
R .  Jenks  

3.4 SMP Bubble Chamber Data Process inq  

The SMP measuring console has  been moved t o  the Phys ics  

Bui lding and a communication l i n e  t o  t h e  CSX-1 computer i n s t a l l e d .  

I n  t h e  coming months t h r e e  more u n i t s  w i l l  be added and mult iplexed 

t o  t h e  CSX-1. The measuring program, DMSCAMP, i s  i n  t h e  process  of  

mod i f i ca t ion  t o  p e r m i t  measurements on f i l m  from the  Argonne 30" chamber 

concurren t  wi th  measurements on Berkeley 72" chamber f i lm .  S i g n i f i c a n t  

improvements have been made in  t h e  accuracy of the  d a t a  processing and 

the  inco rpora t ion  of  console  d i a g n o s t i c  procedures .  

R. M. Brown 
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4. SYSTEMS 

Control Systems 
J. B. Cruz, Jr .  
S. D. Agashe 
D. Gieseking 
T. E. M u e l l e r  
T. Murata 
W .  R.  Pe rk ins  
R .  A. Rohrer 
D. Snyder 
G .  Tahim 
R. Werner 

Switch. Systems 
S.  Seshu 
K. E. Batcher 
A. Dervisoglu 
G.  Dodd 
B. E l l i o t t  
W .  Mayeda 
K.  Onaga 
A. Paul  
J .  A.  Resh 
H .  Y. Chang 

4.1 Generat ion of Trees wi thout  Duplicat ion 

One of  t h e  important problems i n  the  implementation of computer 

methods of network a n a l y s i s  i s  t he  genera t ion  of t h e  trees of a l i n e a r  

graph wi thout  dup l i ca t ion .  Fur ther ,  i n  o rde r  t o  be a b l e  t o  compute the 

s i g n  o f  a t ree  (which has  t o  b e  done i n  t h e  a n a l y s i s  of a c t i v e  networks) 

t he  trees must be genera ted  by replacement of  one branch a t  a t i m e .  A 

tree gene ra t ion  scheme s a t i s f y i n g  t h e s e  requirements  has  been obta ined  

and has  been r epor t ed  i n  r e p o r t  number R-220. I n  t h i s  procedure dup l i -  

c a t i o n s  a r e  avoided by two devices .  On t h e  one hand, w e  a r range  the  

branches of the  s t a r t i n g  t r e e  i n t o  an ordered sequence such t h a t  any 

leading  subse t  of branches i n  t h e  sequence c o n s t i t u t e s  a connected sub- 

graph. On the  o t h e r ,  w e  r e q u i r e  t h a t  any l i n k  which r e p l a c e s  a branch 

of  t h e  p re sen t  tree belong not on ly  t o  t h e  fundamental c u t - s e t  of  t he  

rep laced  branch wi th  r e s p e c t  t o  the  p r e s e n t  t ree  (which i s  necessary 

i n  o rde r  t h a t  t h e  new set  of branches be a tree) bu t  a l s o  t o  t h e  funda- 

mental  c u t - s e t  o f  the  branch with r e s p e c t  t o  t h e  s t a r t i n g  tree.  The 
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replacement i s  a l s o  ordered  l e f t  t o  r i g h t  i n  t h e  ordered  sequency r ep re -  

s e n t a t i o n  of t he  s t a r t i n g  t r ee .  It has been shown t h a t  t h i s  scheme 

gene ra t e s  a l l  the  t r e e s  of the graph and no tree i s  generated more than  

once. 

The d e t a i l e d  procedure and the  proofs  of  t he  a s s e r t i o n s  above 

a r e  t o  be found i n  the c i t e d  r e p o r t .  

W.  Mayeda 
S.  Seshu 

4.2 Quasi-Linear Sequent ia l  Machines 

The i n v e s t i g a t i o n  on t he  r e a l i z a b i l i t y  of q u a s i - l i n e a r  

s equen t i a l  machines has been completed. A necessary  and s u f f i c i e n t  

condi t ion  was obta ined  f o r  a given connect ion ma t r ix  (or  a s t a t e  d i a -  

gram), wi th  the  g iven  encoding of s t a t e s ,  t o  be r e a l i z a b l e  a s  a quas i -  

l i n e a r  s e q u e n t i a l  machine making use of minimal number of feedback 

l i n e s .  Also obta ined  was a canonical  r e a l i z a t i o n  which enables  one t o  

r e a l i z e  any a r b i t r a r y  s t a t e  diagram a s  a q u a s i - l i n e a r  s equen t i a l  machine 

using a s u f f i c i e n t l y  l a r g e  number of  memory elements.  These r e s u l t s  

a r e  d iscussed  i n  d e t a i l  i n  Report R-216. 

The i n v a r i a n t  p rope r t i e s  of  the  s t a t e  diagram of q u a s i - l i n e a r  

s equen t i a l  machines, wi th  respect t o  t h e  change of coding of s t a t e s ,  

a r e  being s tudied .  

H. Y. Chang 

4 . 3  Self-Diagnosis  

Work has  been s t a r t e d  on a problem o f  se l f -d i agnos i s ;  t he  

o b j e c t  of  s tudy  i s  the  l abora to ry ' s  CSX-1 computer. I n i t i a l  a t tempts  
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t o  dev i se  a boo t s t r ap  d i agnos t i c  procedure (no ex te rna l  t e s t i n g  device ,  

none of t he  machine assumed e r r o r - f r e e  2 p r i o r i )  have been encouraging. 

The primary t o o l  used i s  the  SEQANALZ (Report R-207) system o f  programs. 

E .  Manning 

4 . 4  Synthes is  of Sequent ia l  Machines 

A new method f o r  the syn thes i s  of asynchronous sequen t i a l  

machines i s  being developed. The most novel f e a t u r e  of  t h i s  procedure 

i s  t h a t  i t  breaks t h e  problem o f  f i nd ing  a r e a l i z a t i o n  of a given flow 

t a b l e  i n t o  a s e r i e s  of  smaller problems i n  a manner somewhat analagous 

t o  the  syn thes i s  of convent ional  one te rmina l -pa i r  e l e c t r i c a l  networks. 

Fu r the r ,  t h e  procedure i s  s u i t e d  t o  machine computation. 

An a lgor i thm i s  being developed i n  connection wi th  t h i s  

syn thes i s  procedure which w i l l  a t tempt  t o  o b t a i n  s t a t e  assignments 

wi th  reduced dependency. 

ing  cascade r e a l i z a t i o n s  because of the  engineer ing advantages they 

enjoy. 

P a r t i c u l a r  emphasis i s  being placed on ob ta in -  

A. McKellar 

4.5 Directed Graph Synthesis  

The s tudy of d i r e c t e d  graphs and t h e i r  a p p l i c a t i o n  t o  

syn thes i s  of switching networks was continued. Some ope ra t ions  on 

a connect ion mat r ix  which leave the  a s soc ia t ed  output  ma t r ix  i n v a r i a n t  

were formulated.  The r e l a t i o n s h i p  between the  number of  d i r e c t e d  

pa ths  between two d i s t ingu i shed  v e r t i c e s  and t h e  n u l l i t y  of t he  graph 

i s  being s tud ied .  

A. Paul 
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4 . 6  Lossy Communication Nets 

A s t r u c t u r e  of  bas i c  s a t u r a t e d  c u t  se ts  of a l o s s y  communi- 

c a t i o n  n e t  i s  being inves t iga t ed .  

ma t r i ces  of  a l o s s y ,  bi-complete t r e e  n e t  have been der ived.  

Synthes is  procedures of r and T - 

K .  Onaga 

4.7 A-Matrix Synthes is  

Necessary and s u f f i c i e n t  cond i t ions  f o r  a ma t r ix  t o  be 

r e a l i z a b l e  a s  t h e  A-matrix of an RLC network a r e  developed. The RLC 

network i s  assumed to  be non-degenerate o r  ha l f -degenera te  and i t  i s  

assumed t o  have a connected r e s i s t i v e  p a r t .  

The r e s i s t i v e  p a r t  N and the  r e a c t i v e  p a r t  N o f  the  RLC R X 
network a r e  considered sepa ra t e ly .  It i s  shown t h a t  i f  t h e r e  exis ts  a 

r e a l i z a t i o n  then  t h e  given mat r ix  A can be  f ac to red  a s  -AAl where A i s  

a d iagonal  mat r ix  of  p o s i t i v e  e n t r i e s  and A i s  a symmetric- 

skewsymmetric (hybrid)  matr ix .  The ma t r ix  A determines d i r e c t l y  the  

va lues  of capac i tances  and inductances i n  t h e  network. A technique i s  

given by which the  te rmina l  mat r ix  of  t he  r e s i s t i v e  p a r t  N and the 

fundamental c i r c u i t  mat r ix  of t h e  r e a c t i v e  p a r t  N can be obta ined  from 

the  matrix A 

1 

R 

X 

1' 

It i s  shown t h a t  the g iven  ma t r ix  A has  a r e a l i z a t i o n  wi th  a 

ha l f -degenera te  o r  non-degenerate RLC network which has  a connected 

r e s i s t i v e  p a r t  i f  and only  i f  t h e  f a c t o r i z a t i o n  e x i s t s  and both the  

te rmina l  ma t r ix  and the c i r c u i t  ma t r ix  a r e  r e a l i z a b l e .  It i s  a l s o  shown 

t h a t  f o r  a c e r t a i n  f a c t o r i z a t i o n  i f  a r e a l i z a t i o n  e x i s t s ,  then the  

r e a c t i v e  p a r t  i s  unique wi th in  two-isomorphism and the  r e s i s t i v e  p a r t  
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can always be reduced t o  a complete polygon i n  gene ra l .  The syn thes i s  

technique a p p l i e s  t o  the  case  where inductances and capac i tances  a r e  

t i m e  dependent bu t  r e s i s t a n c e s  a r e  t i m e  independent.  These and o the r  

r e s u l t s  a r e  presented  i n  CSL Report R-225, J u l y ,  1964. An extens ion  t o  

the  degenerate  case  i s  being s tudied .  

A. Dervisoglu 

4 . 8  Dasher Synthesis  

The ex tens ion  of the Dasher syn thes i s  procedure ( r e a l i z a t i o n  

of complex t ransmiss ion  zeros  by means of cascaded RC networks) t o  

zeros  i n  t h e  r i g h t  h a l f  plane i n  the  s e c t o r  

i s  now complete. The condi t ions  t o  be s a t i s f i e d  by the  d r i v i n g  p o i n t  

func t ion  have a l l  been der ived a s  i n e q u a l i t y  c o n s t r a i n t s  thus  s impl i fy-  

ing  the  p repa ra t ion  problem. The s e c t i o n  used i n  t h e  s y n t h e s i s  pro- 

cedure i s  t h e  s imples t  poss ib l e  s e c t i o n  which i s  capable  of  r e a l i z i n g  

t ransmiss ion  zeros  i n  the des i r ed  s e c t o r .  The procedure f o r  convert ing 

the  u n r e a l i z a b l e  s e c t i o n  which r e s u l t s  i n  t h i s  process  i n t o  a r e a l i z a b l e  

s e c t i o n  us ing  the  Baker node i n s e r t i o n  process  has  a l s o  been der ived .  

The d e t a i l e d  d e s c r i p t i o n  and j u s t i f i c a t i o n  of  t h e  procedure 

have been r epor t ed  i n  r e p o r t  R-231. 

B. E l l i o t t  
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4 . 9  Dis t r ibu ted  Network Synthes is  

Most of t he  time t h i s  summer has  been spent  on the  develop- 

ment of a d i g i t a l  computer program t o  implement the  time-domain 

d is t r ibu ted-ne twork  syn thes i s  method o r i g i n a t e d  by Professor  Rohrer. 

Although i t  i s  n o t  y e t  completed, t he  major d i f f i c u l t i e s  appear to  

have been i roned  o u t ;  o f  course,  eva lua t ion  of t he  i t e r a t i v e  scheme 

being employed w i l l  have t o  be de fe r r ed  u n t i l  t h e  program i s  working-- 

I see  no pa th  toward an a p r i o r i  convergence proof .  

J. Resh 

4.10 Coding Theory 

An aspec t  of coding theory  c a l l e d  the  s t rong  converse i s  being 

considered.  This r e su l t  s t a t e s  t h a t  i f  t h e  t ransmission r a t e  of a 

communication channel i s  maintained above c a p a c i t y ,  the  p r o b a b i l i t y  o f  

e r r o r  of  an  opt imal  code approaches u n i t y  as t h e  code word l eng th  ap- 

proaches i n f i n i t y  (Shannon's fundamental theorem impl i e s  on ly  t h a t  t he  

p r o b a b i l i t y  of e r r o r  cannot approach zero)  t h e  s t rong  converse does no t  

hold f o r  a l l  channels ,  as  has been found by Wolfowitz. The problem now 

being i n v e s t i g a t e d  involves  f ind ing  t h e  e s s e n t i a l  f e a t u r e  of a channel 

which determines whether o r  not t he  s t rong  converse should apply.  Pre- 

l iminary  i n v e s t i g a t i o n  has shown t h a t  a channel need no t  be very compli- 

ca t ed  f o r  t h e  s t rong  converse t o  f a i l ;  f o r  example, a channel whose 

i n p u t s  and ou tpu t s  a r e  binary sequences of  length  n ,  wi th  t ransmiss ion  

e r r o r s  uniformly d i s t r i b u t e d  between 0 and n ,  does n o t  obey the  s t r o n g  

converse. This r e s u l t  i s  proved, and some es t ima tes  of  t he  r e l a t i o n s h i p  
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between t ransmiss ion  r a t e  and p r o b a b i l i t y  of  e r r o r  a r e  der ived ,  i n  a 

paper submitted t o  the  IEEE Transact ions on Information Theory. 

R .  Ash 

4.11 Nonlinear O s c i l l a t i n g  Systems 

Various s t u d i e s  of  o s c i l l a t i n g  systems have been completed 

Three labora tory  r e p o r t s  were i s sued  and a s h o r t  t h i s  q u a r t e r .  

manuscript  w r i t t e n  during the  per iod .  Two o f  these  r e p o r t s  (R-228 and 

R-229) have been submitted t o  the  j o u r n a l s ,  and the  s h o r t  manuscr ipt  

(see 4.11.4) h a s  a l r eady  been accepted f o r  pub l i ca t ion .  

t he  work a r e  given below: 

Abs t r ac t s  of 

4.11.1 J. K. Aggarwal, "A Study of  Nonlinear Second Order 
Systems," R-223. 

Nonlinear  second o rde r  systems, which a r e  descr ibed  

by a p a i r  of coupled f i r s t  order d i f f e r e n t i a l  equa t ions ,  have been 

s tudied .  

l a r  po in t  and t h e  behavior of t r a j e c t o r i e s  i n  t h e  l a r g e  have been 

examined. 

The behavior of t r a j e c t o r i e s  i n  t h e  neighborhood of a s ingu-  

The i s o l a t e d  s i n g u l a r i t y  a t  t h e  o r i g i n  f o r  t he  system 

n l  n2 
5 = ax + by 

9 = exn3 + dyn4 

1, n2 ,  n3, and n where a ,  b ,  c ,  and d a r e  r e a l ,  and n 

g e r s ,  has  been i n v e s t i g a t e d .  S u f f i c i e n t  cond i t ions  f o r  t h e  s t a b i l i t y  

a r e  p o s i t i v e  i n t e -  4 

and i n s t a b i l i t y  of t h e  s ingu la r  p o i n t  have been found. 
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The g loba l  behavior of the systems 

and 

has  been inves t iga t ed .  Here f ( x ) ,  g ( y ) ,  h ( x ) ,  and k ( y )  a r e  polynomials 

of odd degree wi th  lead ing  c o e f f i c i e n t s  p o s i t i v e ,  and p ( t )  and q ( t )  

a r e  p e r i o d i c  bounded func t ions  of  t i m e .  S u f f i c i e n t  condi t ions  have been 

found under which t h e  t r a j e c t o r i e s  of the above systems may even tua l ly  

be confined i n  a s u b s e t  of (x ,y , t ) - space ,  t hus  g iv ing  bounds on p e r i o d i c  

s o l u t i o n s  ( i f  they exist) .  Fur ther ,  bounds on t h e  p e r i o d i c  s o l u t i o n s  

have been i n v e s t i g a t e d  by f ind ing  reg ions  i n  (x ,y , t ) - space  from which 

a l l  t r a j e c t o r i e s  even tua l ly  l eave ,  and i n t o  which no t r a j e c t o r i e s  e n t e r .  

Also,  o the r  bounding curves for  the  gene ra l i zed  Rayle ight  equat ion  have 

been inves t iga t ed .  

4.11.2 P. J. Ponzo and N. Wax, "On C e r t a i n  Relaxat ion 
Osc i l l a t ions :  Confining Regions , I 1  R-228. 

Relaxa t ion  o s c i l l a t i o n s  descr ibed  by t h e  gene ra l i zed  
4 .. 

Lienard equat ion ,  x + p,f(x)% + g ( x )  = 0 ( 0  ,= d / d t ) ,  wi th  p >> 1, a r e  

i n v e s t i g a t e d  i n  the  phase and LiLnard planes.  

F(x) = Jo f (u)du a r e  s u b j e c t  t o  c e r t a i n  r e s t r i c t i o n s ,  a number of  

a n a l y t i c  curves  can be obtained i n  these  p lanes  which serve  a s  bounds 

When f (x)  , g ( x )  , and 
X 

on s o l u t i o n  t r a j e c t o r i e s .  Piece-wise connect ion of such bounding curves 

provide e x p l i c i t  annular  reg ions  wi th  the  p rope r ty  t h a t  s o l u t i o n  
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t r a j e c t o r i e s  on the  boundary of an annulus move t o  the  i n t e r i o r  w i t h  

inc reas ing  t i m e ,  t .  The Poincare-Bendixson theorem then guarantees  a t  / 

l e a s t  one p e r i o d i c  o r b i t  w i th in  such an  annulus.  It i s  shown t h a t  t he  

p e r i o d i c  o r b i t s  which a r e  i s o l a t e d  by t h i s  means a r e  unique w i t h i n  the  

annulus ,  hence o r b i t a l l y  s t a b l e ,  The maximum width of the  annulus i s  

of  o rde r  p '4 /3 ;  the  amplitude bounds obta ined  f o r  t he  p e r i o d i c  s o l u t i o n  

agree  favorably  wi th  the  known amplitude f o r  t h e  s p e c i f i c  case  of the  

van de r  Pol equat ion  K + p,(x2-l)& + x = 0. 

t o  less  r e s t r i c t i v e  f ( x ) ,  g (x ) ,  and F(x) than those f i r s t  considered.  

The r e s u l t s  a r e  gene ra l i zed  

4.11.3 P.  J.  Ponzo and N .  Wax, "On Cer t a in  Relaxa t ion  Osc i l -  
l a t i o n s :  Asymptotic Solu t ions ,"  R-229. 

Pe r iod ic  so lu t ions  o f  t h e  gene ra l i zed  Lienard equa- 
1 

t i o n  % + pf(x);  + g(x )  = 0 

i n  the  phase and Lienard planes.  Ce r t a in  comparison equat ions  a r e  ob- 

t a ined  by modifying the func t ions  f ( x ) ,  g ( x ) ,  F(x)  = f ( u ) d u ,  so t h a t  

t he  r e s u l t i n g  equat ions  may be i n t e g r a t e d  t o  w i t h i n  an e r r o r  of  o rde r  

p . The comparison s o l u t i o n s  a r e  used t o  approximate the  s o l u t i o n  t r a -  

( 0  5 d / d t ) ,  w i t h  p >> l ,  a r e  inves t iga t ed  

/ 

J: 
- 2  

j e c t o r i e s  o f  the  o r i g i n a l  equat ions ,  arrd, i n  p a r t i c u l a r ,  the  pe r iod ic  

o r b i t s .  The r e s u l t  i s  an a n a l y t i c  d e s c r i p t i o n  of  t he  t r a j e c t o r i e s ,  i n  

both p lanes ,  t o  order  p . The asymptot ic  form o f  the  amplitude and 

pe r iod ,  f o r  a p e r i o d i c  o r b i t ,  i s  obta ined  wi th  e r r o r s  of order  p and 

p, , r e s p e c t i v e l y .  For t h e  p a r t i c u l a r  case of t he  van der  P o l  equat ion ,  

2 + p,(x -1)a + x = 0,  t he  amplitude agrees  wi th  the  express ions  pre- 

-2  

-2 

-1 

2 

v ious ly  obta ined  by o the r  workers, wh i l e  t he  per iod  does n o t ,  The re- 

s u l t s  of a numerical s tudy of t he  express ion  for t he  per iod  given he re  

support  t he  p re sen t  work. 
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4.11.4 P, J. Ponzo and N. Wax, "On the  Pe r iod ic  So lu t ion  of 
t he  van der Po l  Equation." 

The general  r e s u l t s  of R-229 have been p a r t i c u l a r i z e d  

t o  the  van der  Pol  equat ion.  Our a n a l y t i c a l  r e su l t s  do n o t  agree  wi th  

o t h e r  formulas f o r  the  per iod.  We have computed the  pe r iod  numerical ly  

using the  l a b o r a t o r y ' s  CDC 1604 and e s t a b l i s h e d  the  v a l i d i t y  of  our 

r e s u l t s .  

J. Aggarwal 
P. Ponzo 
N. Wax 

4.12 Finite-Time S t a b i l i t y  and Maximum P r i n c i p l e  f o r  Systems 
S a t i s f y i n g  a General ized L ipsch i t z  Condition 

I n  CSL Report R-215, d i f f e r e n t i a l  c o n t r o l l e d  processes  

s a t i s f y i n g  a gene ra l i zed  L ipsch i t z  cond i t ion  were considered.  Such 

processes  a r e  a gene ra l i za t ion  of  t ime-varying l i n e a r  processes .  Some 

cond i t ions  regard ing  the  ex i s t ence  of  a s o l u t i o n  of t h e  d i f f e r e n t i a l  

equat ions  desc r ib ing  t h e  process  and ex i s t ence  of v a r i e d  s o l u t i o n s ,  and 

upper bounds f o r  v a r i a t i o n s  of t h e  s o l u t i o n  were poin ted  o u t .  

It w a s  shown t h a t  i f  a system s a t i s f i e s  a gene ra l i zed  

L ipsch i t z  condi t ion  i n  t h e  s t a t e  v a r i a b l e s ,  i t  i s  f i n i t e - t i m e  s t a b l e  

wi th  r e s p e c t  t o  the  i n i t i a l  s t a t e .  

L ipsch i t z  cond i t ion  i n  t h e  con t ro l  a s  w e l l ,  i t  i s  f i n i t e - t i m e  s t a b l e  

I f  i t  s a t i s f i e s  a gene ra l i zed  

wi th  r e s p e c t  t o  the  con t ro l  a l so .  

A new d e r i v a t i o n  of t h e  Pontryagin Maximum P r i n c i p l e  and the  

Transve r sa l i t y  Condit ion a s  necessary condi t ions  f o r  a l o c a l  extremum 

(and, hence,  f o r  a g loba l  optimum) was given.  This fo l lows  a ca l cu lus  

o f  v a r i a t i o n s  approach bu t  uses the  Lagrange m u l t i p l i e r s  i n  a d i f f e r e n t  
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way. 

state v a r i a b l e s  and the cont ro l  i s  s a t i s f i e d ,  and a l s o  another condi- 

t i o n  i s  s a t i s f i e d ,  f o r  s u f f i c i e n t l y  small  b u t  a r b i t r a r y  v a r i a t i o n s  of  

t he  optimum c o n t r o l ,  t he  terminal  condi t ions  of the  problem can s t i l l  

be met. 

It was shown t h a t  i f  a genera l ized  L ipsch i t z  condi t ion  i n  the  

I 

S. Agashe 

4.13 Linear Time Lag Systems 

The concept of  complete c o n t r o l l a b i l i t y  has been extended 

to t h e  case  of l i n e a r  t i m e  i nva r i an t  systems wi th  time l ags .  

t h i s  t he  s tudy of t he  r e l a t i o n s h i p  between the  frequency domain 

a n a l y s i s  of time l ag  systems and the  opt imal  c o n t r o l  theory i s  being 

made. 

Through 

The s e n s i t i v i t y  of the m u l t i v a r i a b l e  time l ag  systems has  been 

1 
i n v e s t i g a t e d  from the  po in t  of view of Cruz and Perk ins .  

G. Tahim 

4.14 Stochas t i c  Optimal Control 

I n i t i a l  i n v e s t i g a t i o n s ,  r epor t ed  p rev ious ly ,  have been 

extended t o  a c l a s s  of continuous-time, m u l t i v a r i a b l e ,  no isy  c o n t r o l  

sys  tems . 
Studies  have focused on a p a r t i c u l a r  type of  f u n c t i o n a l ,  and 

have l e d  t o  the  d e f i n i t i o n  of r e l a t e d  performance c r i t e r i a .  The n a t u r e  

of t he  corresponding opt imal  con t ro l  has  been i n v e s t i g a t e d  numerical ly  

f o r  s p e c i f i c  examples, and a n a l y t i c a l l y  f o r  a sub-c lass  of  these  problems. 

J. B. Cruz and W. R. Pe rk ins ,  "A New Approach to  the  Sensi-  1 

t i v i t y  Problem i n  Mul t ivar iab le  Feedback System Design." Presented a t  
J.A.C.C., Stanford (June,  1964). 
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Ana ly t i ca l  s t u d i e s  a r e  being broadened, numerical  techniques 

a r e  being formulated,  and r e s u l t s  a r e  being gene ra l i zed  t o  d i s c r e t e -  

t i m e  systems. 

M. Sain 

4.15 Optimum Time  Lag Systems 

2 
It has  been shown by N. N. Krasovski i  t h a t  t he  optimum 

feedback c o n t r o l l e r  f o r  a t i m e  l a g  system descr ibed  by 

- G ( t )  = A ( t ) z ( t )  + 

and minimizing 

has  the  form 

where a(t)  and @ ( t , 7 )  a r e  matr ices .  

The numerical  so lu t ion  f o r  CY and B i s  d i f f i c u l t .  A g r a d i e n t  

technique i s  being developed t o  f i n d  CY and B by fo rc ing  a c losed  loop 

s o l u t i o n  r a t h e r  than  t h e  s tandard open loop s o l u t i o n  used i n  conven- 

t i o n a l  g r a d i e n t  techniques.  

T. Mue l l e r  

2Krasovski i ,  N. N., "Analyt ic  Cons t ruc t ion  of  an Optimal 
Regulator  i n  a System w i t h  T i m e  Lags," PMM Vol. 26, No.  1 (1962). 
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4.16 Optimum Control  with a Prescr ibed  S t r u c t u r e  

The fol lowing two problems a r e  being i n v e s t i g a t e d .  Given 

the  optimum c o n t r o l  problem 

J(u)  = s' h ( x , u , t )  d t  

to 

( a )  f i n d  a func t ion  g&,u,t)  [ a t  l e a s t  approximately] such t h a t  

0 u t o  be chosen - li = &&YuYt) Y - 

y i e l d s  an optimum con t ro l ;  

(b) f i n d  ma t r i ces  A ( t )  and B(t)  [ a t  l e a s t  approximately] such t h a t  

- f = A ( t ) x  + B( t )u  

y i e l d s  an optimum con t ro l .  

T rans l a t ion  of  the book "Fondamenti d i  Calcolo d e l l e  

Variazioni"  (Fundamentals of the  Calculus  of Var i a t ions )  by L. T o n e l l i  

i s  under way. This book in t roduces  c e r t a i n  concepts t h a t  have n o t  y e t  

been exp lo i t ed  w e l l  and t h a t  make the  Calculus of  V a r i a t i o n s  a proper 

sub-area of func t iona l  ana lys i s .  

S. Agashe 
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4.17 Pulse-Width Modulation Systems 

The problem o f  optimal open-loop c o n t r o l  f o r  a system con- 

t a i n i n g  a pulse-width modulator has  been solved by the  method of  t he  

s t eepes t - a scen t  method, and poss ib l e  u t i l i z a t i o n  of  o t h e r  methods are 

p r e s e n t l y  under inves t iga t ion .  

D. Kirk 

4.18 A F i n i t e  Z-Transform P a i r  

A f i n i t e  z-transform p a i r  has  been developed. This p a i r  may 

be thought o f  a s  t h e  d i s c r e t e  analog of the  f i n i t e  Four ie r  t ransform 

(Four ie r  series),  Consider a p e r i o d i c  sequency of  per iod  N ,  i .e . ,  

f ( n )  = f(n+N). Then t h e  transform p a i r  i s  g iven  by 

n= 0 

Appl ica t ions  of t h i s  t ransform t o  the  parameter v a r i a t i o n  

problem i n  d i s c r e t e  systems and t o  t h e  s t e a d y - s t a t e  a n a l y s i s  of  sampled 

d a t a  systems wi th  p e r i o d i c  inpu t s  have been made. 

J. B. Cruz 
W. Perk ins  

4.19 O p t i m a l  Rendezvous S t r a t e g i e s  

A s tudy of opt imal  rendezvous s t r a t e g i e s  f o r  coopera t ive  

c o n t r o l l e d  systems was completed. The t e r m  "rendezvous" i s  used t o  

mean t h a t  the  systems approach each o t h e r  so t h a t  the  v e l o c i t i e s  and 
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a c c e l e r a t i o n s  a r e  the same when the p o s i t i o n s  become the  same. A solu-  

t i o n  t o  the  s ing le - inpu t  problem, using t h e  ca l cu lus  of  v a r i a t i o n s ,  i s  

g iven  when the  performance index i s  the in tegra ted-square-er ror  p l u s  

weighted con t ro l .  By rewr i t ing  the  problem i n  terms o f  the  e r r o r  coor- 

d i n a t e s ,  the  rendezvous condi t ions  a r e  rep laced  by the  s t a b i l i t y  condi- 

t i o n s  on the  Euler-Poisson equat ions.  The s t a b l e  t r a j e c t o r i e s  a r e  

found by f a c t o r i n g  the  c o e f f i c i e n t  matrix of t he  transformed Euler- 

Poisson equat ions .  By using the s t a b l e  t r a j e c t o r i e s ,  i t  i s  poss ib l e  

t o  express  the  opt imal  con t ro l  laws i n  terms of t h e  s t a t e s  of  t he  

systems. The f a c t o r i z a t i o n  requi red  t o  o b t a i n  t h e  s t a b l e  t r a j e c t o r i e s  

i s ,  i n  g e n e r a l ,  much e a s i e r  than t r y i n g  t o  s a t i s f y  t h e  t r a n s v e r s a l i t y  

cond i t ions  and then  de r iv ing  the  con t ro l  law. 

A s o l u t i o n  t o  the  mul t i - input  problem us ing  Pont ryagin ' s  

Maximum P r i n c i p l e  i s  g iven  for  the  same performance index. The per-  

formance index i s  r e w r i t t e n  i n  terms of t he  s tacked s t a t e  vec to r s .  The 

rendezvous condi t ions  a r e  adjoined as c o n s t r a i n t s  t o  the  performance 

index using Lagrange m u l t i p l i e r s .  D e t a i l s  o f  t h i s  work a r e  found i n  

Report R-218.  

D. Gieseking 

4.20 Graph Theory 

The work on un i s to r  graphs s t a r t e d  i n  the  l a s t  q u a r t e r  has  

been completed. 

A u n i s t o r  i s  an o r i en ted  edge connect ing two v e r t i c e s  i n  a 

graph. A flow e x i s t s  i n  the o r i e n t e d  edge wi th  a value equal  t o  the  

product  of  the  edge weight and the weight of the  i n i t i a l  ve r t ex .  The 
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u n i s t o r  i s  cha rac t e r i zed  by flow, p o t e n t i a l ,  admit tance,  and 

d i rec tedness- - four  p r o p e r t i e s  a l s o  found i n  l i n e a r  equat ions  and 

e l e c t r i c a l  networks. 

It was shown t h a t  a graph of  u n i s t o r s  can r ep resen t  a ma t r ix  

and the  determinant  and cofac tors  can be eva lua ted  by using d i r e c t e d  

trees and d i r e c t e d  2 - t r ees .  The s i g n s  of  t he  determinant  and c o f a c t o r s  

a r e  c a l c u l a t e d  during the  expansion--a sepa ra t e  s i g n  c a l c u l a t i o n  rou- 

t i n e  i s  n o t  necessary  a s  i t  i s  i n  some o t h e r  methods. An extens ion  of 

the  d i r e c t e d  tree eva lua t ion  method gave a technique f o r  ob ta in ing  

s o l u t i o n s  t o  a set  o f  simultaneous l i n e a r  equat ions .  

A technique was e s t ab l i shed  f o r  r ep resen t ing  i n  a node- 

admittance form an a c t i v e  network by a u n i s t o r  graph. This graph was 

then.used to  determine the values  of  t he  unknown vo l t ages  of  t he  

o r i g i n a l  c i r c u i t .  

A v e r t e x  p o t e n t i a l  f o r  a communication n e t  was def ined  and 

used t o  o b t a i n  upper and lower bounds on the  maximum flow between two 

v e r t i c e s  of the  n e t .  A spec ia l  c l a s s  of n e t s  was found f o r  which the  

te rmina l  capac i ty  can be ca l cu la t ed  us ing  u n i s t o r  graphs.  

A complete desc r ip t ion  of t h i s  work i s  found i n  Report R-217. 

G .  Dodd 
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D. B i t ze r  
A. A l p e r t M  
R.  A. Avner* 
R. Blomme 
P. Braunfeld* 
E. DeWan 
J. Easley* 

5.1 In t roduc t ion  

G.  FramptonJwc 
H. Gelder* 
W .  Golden* 
A .  Hanson** 
B.  Hicks 
E. R. Lyman 
L. Morgan 

M. Sec res t  
S. Singer 
R.  Suchman* 
B. Voth 
M . Walker** 
R.  Whitney** 
R . W i l l  son 
B. Wilson* 

The purpose of  t..e PLATO p r o j e c t  has  been t o  develop an 

automatic  computer-controlled teaching  system of s u f f i c i e n t  f l e x i b i l i t y  

t o  permit  experimental  eva lua t ion  of  a l a r g e  v a r i e t y  of  i d e a s  i n  auto- 

ma t i c  i n s t r u c t i o n  inc luding  simultaneous t u t o r i n g  o f  a l a r g e  number of  

s tuden t s  i n  a v a r i e t y  of sub jec t s .  The PLATO sysLem d i f f e r s  from most 

teaching systems i n  t h a t  the  power of a l a r g e  d i g i t a l  computer i s  a v a i l -  

a b l e  t o  teach  each s tudent  s ince  one such computer c o n t r o l s  a l l  s tudent  

s t a t i o n s .  The p r o j e c t  work has f a l l e n  i n t o  t h r e e  c a t e g o r i e s ,  no two of 

which a r e  wholly sepa ra t e  from each o ther :  (1) development of t he  t o o l s  

f o r  research;  (2)  l ea rn ing  and teaching research;  ( 3 )  prov i s ion  of a 

pro to type  f o r  mul t i - s tuden t  teaching machines. 

5.2 PLATO I11 Sys t e m  Equipment (PLATO Hardware) 

During t h i s  qua r t e r  work cont inued i n  the  development and 

cons t ruc t ion  o f  c i r c u i t r y  requi red  f o r  the  r e a l i z a t i o n  of a 20 s tudent  

s t a t i o n  teaching system. 

Student s t a t i o n  c i r c u i t r y  cons t ruc ted  t o  da t e  inc ludes  a l l  

c i r c u i t r y  requi red  f o r  the  opera t ion  of two s tuden t  s t a t i o n s .  A con- 

t i n u i n g  exemplary e f f o r t  by var ious  t echn ica l  s e c t i o n s  of t he  l abora to ry  

*CSL Consul tant  
**Summer A s s i s t a n t  
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dea l ing  wi th  c i r c u i t  packaging 

a t o t a l  o f  10 s tudent  s t a t i o n s  

and f a b r i c a t i o n  sugges ts  t h a t  a t  l e a s t  

w i l l  be operable  some time i n  November. 

P resen t  i n t e r f a c e  c i r c u i t r y  has  been expanded to  inc lude  

the  CSL CSX-1 computer as an a l t e r n a t i v e  computer f a c i l i t y  t o  t h e  CDC 

1604. Checkout of t he  i n t e r f a c e  was f a c i l i t a t e d  by a compact gene ra l  

engineer ing  r o u t i n e  w r i t t e n  during t h i s  q u a r t e r  by M r .  G. Frampton. 

Development cont inues on s p e c i a l  c i r c u i t r y  which w i l l  update 

p re sen t  c i r c u i t r y  o r  provide s p e c i a l  system f a c i l i t i e s .  Included i n  

t h i s  c i r c u i t r y  i s  t r a n s i s t o r  d e f l e c t i o n ,  power c o n t r o l ,  master k e y s e t ,  

and master video switch c i r c u i t r y .  

B. Voth 

5.3 PLATO I11 Computer Programming (PLATO Software) 

5.3.1 The Resident Program f o r  CAT0 (CATORES). CATORES has  

been func t iona l  f o r  some time a s  an input -oytput  monitor f o r  machine 

language teaching programs communicating wi th  the  PLATO I11 equipment. 

During t h i s  q u a r t e r ,  a ca re fu l  examination and r e -eva lua t ion  of  t he  

program has taken p l ace  wi th  r e s p e c t  t o  e f f i c i e n t  use of  t h e  PLATO I11 

equipment, wi th  r e s p e c t  t o  f ea tu res  suggested by t h e  users as d e s i r a b l e ,  

and w i t h  r e s p e c t  t o  u l t ima te  c o m p a t i b i l i t y  w i t h  CATO-compiled programs. 

A s  a r e s u l t ,  t h e  program w a s  almost completely r e w r i t t e n ,  w i th  many 

a d d i t i o n s  and ex tens ions .  

Three d i f f e r e n t  methods of record ing  s tudent  d a t a  on magnetic 

tape  a r e  now a v a i l a b l e .  

d a t a  t o  the  p r i n t e r  o r  to  the typewr i t e r  a s  each key i s  pushed. 

Elabora te  checks have been e s t a b l i s h e d  t o  avoid time-consuming s to rage  

For code-checking, one can now output  s tuden t  
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tube ope ra t ions  f o r  a s tudent  i f  they  are unnecessary.  The p l o t  and 

s e l e c t i v e  e r a s e  r o u t i n e s  have been expanded and gene ra l i zed  f o r  easy  

use  wi th  CATO-compiled programs, and seve ra l  subrout ines  have been 

added expres s ly  f o r  use by CAT0 programs. I n  a d d i t i o n ,  t h e  addresses  

of  t he  subrout ine  e n t r i e s  and the s t r u c t u r e s  of s e v e r a l  i n t e r n a l  l i s ts  

have been modified t o  meet r e s t r i c t i o n s  imposed by CATO. 

F i n a l l y ,  t h ree  manually-entered r o u t i n e s  have been added. 

PROGSAVE al lows an e n t i r e  teaching program t o  be wr i t ten  on an auto- 

loadable  magnetic tape.  

back i n  real  t i m e ,  h a l f  t i m e ,  o r  double t i m e  by execut ing  d a t a  read  

from the s tuden t  d a t a  tape.  RESTART al lows a program t o  be continued 

from the  same p o i n t  a t  which i t  was stopped ( i n  case  a l e s son  runs  more 

than  one day, o r  i n  case o f  equipment f a i l u r e ) .  

d a t a  on the  d a t a  tape t o  reproduce the  exact s i t u a t i o n  p resen t  i n  

memory and on a l l  s tudent  screens a t  t he  t i m e  stoppage occurred. 

SPECTRE al lows a s t u d e n t ' s  a c t i o n s  t o  be played 

The program uses  t h e  

A comprehensive machine language engineer ing  program was 

a l s o  w r i t t e n  i n  conjunct ion  with t h e  r e v i s i o n  of  CATORES. 

was used ex tens ive ly  t o  check and t o  eva lua te  the  changes t o  CATORES 

a s  they were made and i s  now used t o  f a c i l i t a t e  the maintenance of the  

PLATO I11 equipment. 

This  program 

A .  Hanson 
M. Walker 

5.3.2 DOPEREA, PLATO "dope" i s  def ined  as the  record  of a 

s t u d e n t ' s  o p e r a t i o n  of  a PLATO keyse t .  The number of  each key pushed 

i s  s t o r e d  on magnetic t ape  along wi th  i t s  a s soc ia t ed  t i m e ,  mode, and 
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s tuden t  number. The s to red  records may be analyzed a t  a l a t e r  da t e  i n  

any appropr i a t e  fashion.  A machine language FORTRAN subrout ine ,  

DOPEREA, w a s  w r i t t e n  which reads and t r a n s l a t e s  t he  PLATO "dope" t apes  

t o  b inary  numbers f a s t  enough t o  a l low smooth reading.  

M. W ,  Walker 

5 . 3 . 3  The CATO (Compiler f o r  Automatic Operat ions)  System. 

CATO (Compiler f o r  Automatic Teaching Operat ions)  was completed during 

the  q u a r t e r .  The system conta ins  t h r e e  major port ions:  

FORTBIN - An expanded and modified ve r s ion  of  the  FORTRAN-60 

a l g e b r a i c  compiler f o r  t h e  1604. 

LOGICOMP - A log ica l  compiler which cons t ruc t s  a teaching 

l o g i c  i n t e r p r e t a b l e  by CATORES from a vocabulary of 10 d i r e c t i v e s .  

SYSTEMS TAPE - a s e t  of modified subrout ines  and programs t o  

a l low easy  use and modi f ica t ion  of t he  system and a l l  programs compiled 

wi th  i t .  

S.  Singer  
A. Hanson 

5.4 Plasma Discharge Display Tube Research 

The purpose of t he  r e sea rch  on the  plasma d ischarge  d i s p l a y  

tube i s  t o  develop a less  expensive replacement f o r  the  p re sen t  PLATO 

s to rage  tube system. The f e a s i b i l i t y  of i n i t i a t i n g  the  d ischarges  from 

o u t s i d e  the  tube was t r i e d  with e x c e l l e n t  success .  Con t ro l l i ng  the  

d ischarge  from ou t s ide  the  gas environment n o t  on ly  s i m p l i f i e s  construc-  

t i o n  by al lowing the  e l ec t rodes  t o  be i n  the e x t e r n a l  environment, b u t  

a l s o  e f f e c t i v e l y  adds s e r i e s  impedance t o  each bulb which he lps  i s o l a t e  
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each ce l l  from i t s  ne ighbors ,  The freedom from adjacency i n i t i a t e d  

f i r i n g  w i l l  be i n v e s t i g a t e d  next q u a r t e r ,  s i n c e  the f i r i n g  of ad jacen t  

c e l l s  should no longer be a problem. 

The c e l l  which was used t o  demonstrate t he  f e a s i b i l i t y  of 

e x t e r n a l l y  con t ro l l ed  discharges was cons t ruc ted  i n  the  following 

manner. 

prepared f o r  use  i n  a vacuum system. On two of these  a gold s t r i p  

25 mm by 0.127 mm by 100 2 w a s  depos i ted  on the  s i d e  t h a t  was t o  be 

on the  ou t s ide  of t he  ce l l .  The t h i r d  s l i d e  had a 0.127 mm hole  

d r i l l e d  i n  i t s  cen te r .  A 0.05 mm t h i c k  mylar spacer  t o  channel gas  

i n t o  the  c e l l  w a s  p laced  on e i t h e r  s i d e  o f  t he  p l a t e  w i t h  the  hole  

(ce l l )  and the  o t h e r  p l a t e s  on e i t h e r  s i d e  w i t h  the  gold con tac t s  ou t -  

wards. 

and f i l l e d  w i t h  neon. 

Three g l a s s  cover p l a t e s  25 mm square by 0.15 mm t h i c k  were 

The whole assembly was connected t o  g l a s s  tubing wi th  epoxy 

R. W i l l  son 

5.5 PLATO Learning and Teaching Research 

5.5.1 I n q u i r y  Training (REPLAB). A four  week workshop was 

conducted i n  June i n  the  College of  Education of  t he  Univers i ty  of 

I l l i n o i s  t o  i n s t r u c t  28 elementary t eache r s  i n  the  use of s c i e n t i f i c  

i n q u i r y  classroom techniques.  

from the l o c a l  community was he ld  i n  conjunct ion  w i t h  the workshops. 

The p u p i l s  used t h e  PLATO program, REPLAB (descr ibed  i n  an e a r l i e r  

progress  r e p o r t ) ,  as one o f  t he  l e s sons  i n  inqu i ry .  The l e s son  i s  

based on a bimetal  s t r i p  experiment. 

of the  work o f  t he  summer s tudents .  

A demonstrat ion c l a s s  of  22 p u p i l s  drawn 

No s t a t i s t i c a l  a n a l y s i s  was made 

For comparison wi th  classroom 
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behavior  many of t h e  workshop t eache r s  monitored the  s tuden t s  while  

they were using PLATO, watched r e r u n s  of  s tudent  performance, o r  

rece ived  copies  of  the  "dope" s h e e t s  ( s tuden t  records) .  I n t e r e s t e d  

t eache r s  were a l s o  permi t ted  to  t r y  the l e s son  themselves.  The r e run  

of  s tuden t  performance was made p o s s i b l e  by a computer program, 

SPECTRE, which s imula tes  s tuden t s  us ing  PLATO by r e c o n s t r u c t i o n  of the  

ope ra t ion  from the  ''dope" record s to red  on magnetic tape during a 

PLATO lesson .  

R .  Suchman 
E,  R. Lyman 

5.5.2 Teaching A B C ' s .  Four three-year-old c h i l d r e n  spent  

two s h o r t  s e s s ions  on PLATO using ALPHABAT, a program designed t o  

teach  the  l e t t e r s  of  the  a lphabet .  The PLATO equipment was modified 

t o  inc lude  a semi-automatic audio system. The s tuden t s  were f i r s t  

shown a l e t t e r  on the  sc reen ,  t o l d  i t s  name, and asked t o  match i t .  

L a t e r  on, they were no t  shown t h e  l e t t e r ,  bu t  were simply asked t o  

p r e s s  the  key named. The ch i ld ren ' s  r e a c t i o n s  and progress  gave in -  

s i g h t  i n t o  methods of  e f f e c t i v e  programming f o r ,  p o s s i b l e  s i m p l i f i c a t i o n s  

o f ,  and a d d i t i o n s  t o  t h e  PLATO system f o r  use i n  primary and pre-  

p r  imar y e du ca t ion.  

A. Alper t  

5.5.3 TEXT TESTER, During the p a s t  t h r e e  months, a new 

program c a l l e d  TEXT TESTER has been developed. This  program i s  de- 

s igned t o  be used i n  t e s t i n g  new textbooks.  The program provides  f o r  

reproduct ion  of  text ma te r i a l s  on s l i d e s  wi th  the  i n s e r t i o n  o f  s tuden t  
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answers from the  keyboard a s  i n  PLAT0 t u t o r i a l  l o g i c s .  The s tudent  i s  

permi t ted  wide freedom i n  the use of the  t e x t ;  t h e r e f o r e ,  he i s  allowed 

t o  t u r n  pages and t o  answer ques t ions  a t  random. He i s  permi t ted  bu t  

no t  r equ i r ed  t o  check answers using a judger which compares s tuden t s '  

answers t o  l i s t s  of  s to red  co r rec t  answers. Provis ion  i s  made f o r  t he  

i n s e r t i o n  by s tuden t s  o f  paragraph-form comments about the  t e x t  mate- 

r i a l s .  Provis ions  for t e s t i n g  the  s tudent  a t  var ious  p o i n t s  throughout 

t he  t e x t  a r e  a l s o  included.  

A major f e a t u r e  of t h i s  program i s  the  i n c l u s i o n  of "author 

modes" by which the  author  may i n s e r t  o r  modify c o r r e c t  answers,  and 

i n s e r t  comments which a r e  intended to  he lp  s tuden t s  a t  s p e c i f i c  p o i n t s  

i n  the program, o r  which a r e  intended t o  e l i c i t  comments from the  

s tuden t s  . 
TEXT TESTER i s  the f i r s t  program ready f o r  u s e  wi th  the 

PLAT0 Compiler. Code-checking of the  TEXT TESTER program w i l l  be 

c a r r i e d  on i n  September followed by t r i a l s  of the program wi th  s tuden t s  

l a t e r  i n  the  f a l l .  

J. Easley,  Jr. 
H. Gelder 
W. Golden 
B. Wilson 

5.5.4 PROOF, During t h i s  q u a r t e r ,  work has  continued on the  

pre l iminary  programming and advanced planning of t he  program f o r  the  s tudy 

of mathematical problem solving ( f i r s t  descr ibed  i n  CSL Report R-185). 

J .  Easley,  Jr. 
H. Gelder 
W. Golden 
B. Wilson 
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6. VACUUM INSTRUMENTATION 

L. Simonel l i  
F. S t e i n r i s s e r  

6.1 Mass Spectrometer Studies  

A s  mentioned i n  the l a s t  p rogress  r e p o r t ,  w e  have obta ined  a 

working Davis and Vandersl ice  mass spectrometer .  I t s  only problem was 

t h a t  t he  ga in  of  the  photomul t ip l ie r  was about 100 times smal le r  than 

expected from f a c t o r y  s p e c i f i c a t i o n s .  The reason was probably an 

acc iden t  during an e a r l i e r  bakeout, when a g l a s s  tube broke, and the  

system was exposed t o  a i r  a t  250 C. We t r i e d  t o  inc rease  the  ga in  o f  

t he  photomul t ip l ie r  by introducing a few g r a i n s  of CsNO i n t o  the  system 

and baking i t  up t o  42OoC, as  many people  had done wi th  success .  

w e  observed was a reduced s e n s i t i v i t y  of  t he  instrument  which can only  

be expla ined  by d i s t o r t i o n  of t he  g l a s s  envelope causing a misalignment 

o f  t he  mass spectrometer .  

0 

3 

A l l  

We rep laced  t h i s  mass spectrometer  tube by a new one,  and 

baked the  z e o l i t e  t r a p  and the res t  of  t h e  system sepa ra t e ly .  A valve 

between t h e  system and t r a p  was c losed  when baking the  t r a p ,  and the  

l a t t e r  was immersed i n  l i q u i d  n i t r o g e n  when baking the  r e s t  of the 

system wi th  the valve open. This t i m e ,  the  ins t rument  met the  f a c t o r y  

s p e c i f i c a t i o n s .  

A Bayard-Alpert gauge wi th  one carbon-free f i lament  and a 

molybdenum g r i d  purer  than usual was added t o  the system. With the  

va lve  t o  the  d i f f u s i o n  pump closed,  and the  Bayard-Alpert gauge running 
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-10 a t  10 mA, w e  observed an equi l ibr ium p res su re  o f  4x 10 Tor r ,  t h e  

r e s i d u a l  gas  being mainly He which d i f f u s e s  through t h e  g l a s s  w a l l s ,  

e x p e c i a l l y  the h o t  w a l l  of the Bayard-Alpert gauge. 

w i th  an  a i r  blower reduces the equ i l ib r ium p res su re  t o  about h a l f  the 

va lue  g iven  above. 

Cooling t h i s  w a l l  

We observed a reduced CO p a r t i a l  p re s su re  i n  our system com- 

pared t o  t h e  one wi th  a Bayard-Alpert gauge with r e g u l a r  e l e c t r o d e  

m a t e r i a l .  More experiments a re  necessary  before  w e  can d e f i n i t e l y  say 

t h a t  t h i s  i s  caused by the  absence of carbon i n  t h e  f i lament  and/or 

g r i d .  

The s o f t n e s s  o f  t h i s  pu re r  e l e c t r o d e  m a t e r i a l  g i v e s  mechanical 

t roubles :  t h e  f i l amen t  i s  bent towards t h e  g r i d  and, wi thout  s p e c i a l  

p recau t ions ,  touches i t  e a s i l y ,  and t h e  molybdenum g r i d  i s  s t r o n g l y  de- 

formed during outgass ing .  

When the  Bayard-Alpert gauge was outgassed  w i t h  the va lve  t o  

the pump c losed ,  w e  do n o t  f i nd  the cracking  p a t t e r n  o f  t he  pump o i l  

i n  our mass spectrum. This can be expla ined  by a complete t rapping  o f  

t h e  backstreaming o i l  by t h e  z e o l i t e  t r a p .  We a l s o  f i n d  an unexplained 

dependence o f  t o t a l  and p a r t i a l  p re s su res  on the  outgass ing  c u r r e n t .  

Fu r the r  experiments a r e  necessary before  any conclus ions  can be drawn. 

6.2 Photocurren t  Suppressor Gauge 

Three modi f ica t ions  o f  t he  photocurren t  suppressor  gauge were 

t e s t e d  t h i s  q u a r t e r .  These th ree  p l u s  t h e  prev ious  model a r e  shown f o r  

comparison. 

t h a t  t he  s i z e  o f  the suppressor had been increased  somewhat to  g ive  i m -  

proved suppress ion  c h a r a c t e r i s t i c s .  

P38 i s  i d e n t i c a l  t o  the  o r i g i n a l  suppressor gauge except 

See F igure  6 .1 .  
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Figure  6.1. Modif ica t ions  o f  Photocurrent  Suppressor 
Gauges. 
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The gene ra l  purpose of P and P was t o  cont inue t o  improve 39 40 

t he  suppression c h a r a c t e r i s t i c s  and s imultaneously t o  decrease  t h e  

s ize  of  t he  ape r tu re  through which the  x-rays pas s ,  before  s t r i k i n g  

the  c o l l e c t o r ,  i n  o rde r  to  reduce the  unsuppressed x-ray l i m i t .  

number of  i n t e r e s t i n g  conclusions were reached a s  the  r e s u l t  of the  

tes ts  of  these  two tubes: 

A 

1. The suppressor  vo l tage  which i s  necessary  to  suppress  

the  x-ray photocurrent  can be reduced from 300 v o l t s  f o r  the  o r i g i n a l  

gauges a t  lxlO-'' Torr t o  20 v o l t s  by the  improved geometry o f  P 

' 40 .  

and 39 

2.  The x-ray e f f e c t  due t o  photoe lec t rons  leav ing  the  

suppressor  and going t o  the  c o l l e c t o r ,  a s  the r e s u l t  o f  x-rays which 

a r e  r e f l e c t e d  from the c o l l e c t o r  and then s t r i k e  the  suppressor ,  was 

I n  the  o r i g i n a l  sup- increased  s i g n i f i c a n t l y  f o r  tubes P and P 

pressor  gauges t h i s  x-ray l i m i t  i s  i n  the  low Torr reg ion  while  

i n  P and P i t  i s  i n  the  low 10 Torr region.  This i nc rease  i s  

undes i rab le .  

40 * 39 

-12 
39 40 

3.  The s e n s i t i v i t y  o f  t he  o r i g i n a l  suppressor  gauge was 

20 Torr-' w i th  a 3/4" aper ture  i n  t h e  s h i e l d .  P39 had a 3/8" a p e r t u r e  

and a s e n s i t i v i t y  of  15 Torr . 
t i v i t y  of 12  Torr . This indeed was s u r p r i s i n g  and i n d i c a t e s  t h a t  

the  focusing i n  t h i s  gauge i s  extremely good. 

-1 P40 had a 1/4" a p e r t u r e  and a sens i -  

-1 

With these  r e su l t s ,  P was designed. The fol lowing advan- 41 

t ages  of  t h i s  tube were hoped for :  
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1. A s i g n i f i c a n t  reduct ion  i n  the  unsuppressed x-ray l i m i t  

due t o  the  geometry changes. Two 3/8" a p e r t u r e s  1-1/8 inches  a p a r t  

a r e  t o  be used f o r  a s h i e l d  r a t h e r  than a s h o r t  tube.  This g ives  a 

r educ t ion  i n  t h e  x-ray f l u x  coming through the  s h i e l d  by about a f a c t o r  

of  10 t o  100. The two ape r tu re s  f o r  t h e  s h i e l d  r a t h e r  than a tube 

e l imina te s  any x-rays which would be r e f l e c t e d  i n t o  the c o l l e c t o r  reg ion  

due t o  r e f l e c t i o n  from the  tube, thereby reducing the  unsuppressed 

x-ray l i m i t .  
I 

2. A new suppressor geometry (along wi th  t h e  changes i n  t h e  

s h i e l d )  makes i t  impossible  - for  any x-rays t o  h i t  t h e  suppressor  

a f t e r  one bounce i n  any place where t h e  r e s u l t i n g  photoe lec t ron  would 

go t o  t h e  c o l l e c t o r .  This should p l ace  the  x- ray  l i m i t ,  due t o  photo- 

e l e c t r o n s  going from the  suppressor t o  the  c o l l e c t o r ,  a t  l e a s t  a 

f a c t o r  of  a t  10 t o  10 below t h e  unsuppressed x-ray l i m i t ,  depending 4 6 

on the  geometry. 

3.  The new geometry i s  much e a s i e r  t o  f a b r i c a t e  and a l i g n  

than  the  previous suppressor  gauges. 

4 .  The envelope of P41 i s  f a b r i c a t e d  o f  a luminos i l i ca t e  

g l a s s  t o  make p o s s i b l e  lower p re s su res .  

Pre l iminary  d a t a  on t h i s  tube i n d i c a t e  t h a t  the  unsuppressed 

-12 
x-ray l i m i t  i s  i n  the  l o w  10 Torr reg ion ,  an improvement by a 

f a c t o r  of  100. The s e n s i t i v i t y ,  however, i s  down by a f a c t o r  of 5. 
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The pre l iminary  data  i n d i c a t e  t h a t  a s tudy of t he  focusing 

p r o p e r t i e s  of these  tubes i s  d e s i r a b l e  f o r  two reasons .  

1. To make t h e  design of the  suppressor gauge more e f f i c i e n t .  

2. To examine t h e  p o s s i b i l i t y  of bu i ld ing  an unsuppressed 

-12 gauge wi th  an x-ray l i m i t  i n  t h e  low 10 Torr reg ion .  

This study i s  now i n  progress .  

6 . 3  Repair ing o f  Damaged o r  Unusable Storage Tubes 

The PLAT0 group a t  C.S.L. u s e s  an expensive Raytheon s to rage  

tube i n  t h e i r  equipment. For two reasons ,  t hese  tubes  have g iven  the  

group cons iderable  t rouble :  

1. The t o t a l  gas  pressure i n  the  tubes i s  too high,  causing 

the  formation of an " ion  spot" on the  screen ,  sometimes i n  a s  s h o r t  a 

t i m e  a s  10 seconds. This spot both removes the  information on the  

screen  i n  t h a t  area and c r e a t e s  a broad white  a rea  i n  t h e  cen te r  of  

the student's monitor. 

2 .  Due t o  acc idents  t he  screen  s u f f e r s  a "burn" which has  

t h e  c h a r a c t e r i s t i c  o f  e i t h e r  n o t  s t o r i n g  o r  no t  r e t a i n i n g  the informa- 

t i o n  which i s  w r i t t e n  on i t .  

the  s to rage  screen.  

These "burns" were o p t i c a l l y  v i s i b l e  on 

By us ing  s e v e r a l  of the  tube elements ,  and wi th  the  h e l p  of 

a magnet, i t  w a s  poss ib l e  t o  s t a r t  a Penning d ischarge  i n  the  tube ,  

which pumped t h e  tubes r a t h e r  w e l l .  With t h i s  pump ope ra t ing ,  a number 

o f  d e f e c t i v e  tubes were baked a t  temperatures ranging from 100 C t o  

200 C ,  sometimes wi th  the  f i lament  on, and sometimes o f f .  A l l  t e s t s  

0 

0 
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s u c c e s s f u l l y  lowered the  equi l ibr ium p res su re  dur ing  normal ope ra t ion  

t o  a s u f f i c i e n t l y  low pressure  t h a t  the  ion-spot  formation t i m e  i s  o f  

the  o rde r  of  3-5 minutes .  This process ing  s u c c e s s f u l l y  e l imina te s  the  

problem o f  ion  spot  formation. 

I n  add i t ion ,  i t  was no t i ced  t h a t  baking the  de fec t ive  tubes  

seemed t o  diminish the  ser iousness  o f  the  "burns . I 1  Subsequent process-  

i n g ,  where the  screen  was heated t o  350 C and the  gun t o  l 5 O o C  f o r  an 

extended t i m e  w i th  the  Penning d ischarge  on, has  r e s u l t e d  i n  the  com- 

p l e t e  r e p a i r  o f  one tube ,  and i t  has  been r e tu rned  t o  se rv i ce .  An 

i n t e r e s t i n g  f a c t  i s  t h a t  t h e  o p t i c a l l y  v i s i b l e  "burn" d isappears  during 

processing.  

pro b 1 em. 

0 

Fur the r  experiments a r e  proceding on the  "burn" r e p a i r  

6 . 4  Impact I o n i z a t i o n  Studies  

During t h i s  q u a r t e r ,  work has  cont inued on the  impact i o n i -  

z a t i o n  of adsorbed gases  on  sur faces  due t o  e l e c t r o n  bombardment. 

CO h a s  been put  on a moly sample, and i t s  maximum c r o s s  sec- 

t i o n  f o r  impact i o n i z a t i o n  determined t o  be about 6 ~ 1 0 - ~  i o n s / e l e c t r o n .  

The temperature o f  desorp t ion  f o r  the adsorbed CO i s  about 80OoC. 

When oxygen was placed on a plat inum sample, the y i e l d  of  

-8 i o n s / e l e c t r o n  w a s  less than 10 . I f  t h e  f i l amen t  of the  Bayard-Alpert 

was l e f t  on (g iv ing  a conversion of  0 t o  CO) ,  t h e  y i e l d  increased  t o  

6 ~ 1 0 - ~ .  

were 6 ~ l O - ~  and 2OO0C a l s o ,  i nd ica t ing  t h a t  t he  CO i s  adsorbed on the  

su r face  i n  both cases .  

2 
0 The gas  l a y e r  was desorbed a t  about 200 C. The va lues  f o r  CO 
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The amount o f  CO on the  su r face  seems t o  be a small  f r a c t i o n  

o f  a monolayer because (1) f l a sh ing  the sample g ives  a very small i n -  

c r ease  i n  the  p re s su re ,  and (2)  the t i m e  r equ i r ed  t o  s a t u r a t e  the  e f f e c t  

when gas  i s  being in t roduced  i s  much less than t h a t  r equ i r ed  by a mono- 

l a y e r .  Fur ther  s t u d i e s  using an a l l -me ta l  system a r e  i n  progress .  
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7.1 The Boltzmann Equation f o r  a Shock Wave 

We developed an a lgeb ra i c  theory  of shock wave s t r u c t u r e  i n  

the  previous qua r t e r .  A d r a f t  of  a r e p o r t  on the a l g e b r a i c  theory  was 

f i n i s h e d  and s e n t  t o  Professor  Yen a t  AVCO, who w i l l  be one co-author ,  

f o r  h i s  comments. The theory,  w i t h i n  the  l i m i t a t i o n s  imposed by the  

na tu re  of  the  b a s i c  assumptions,  covers  a l l  Mach numbers and any 

monatomic gas .  

There have been two a p p l i c a t i o n s .  The f i r s t  a p p l i c a t i o n  was 

t o  the  c a l c u l a t i o n  of shock s t r u c t u r e s  f o r  the  f u l l  range of Mach 

numbers, from one t o  i n f i n i t y ,  f o r  a gas  of  e l a s t i c  spheres .  D i rec t  

comparisons between t h e  results of t h e  a lgeb ra i c  theory,  t h e  Mott- 

Smith theory ,  and Navier-Stokes theory a r e  poss ib l e .  A second app l i -  

c a t i o n  of  the a l g e b r a i c  theory was i n  the  a n a l y s i s  o f  product ion runs  

w i t h  the  Monte Carlo program, This use of  the  theory  i n d i c a t e s  t h a t  

t h e  Monte Carlo c a l c u l a t i o n s  a r e  converging too slowly, and t h a t  one 

high-order boundary condi t ion i s  n o t  being s a t i s f i e d  wi th  adequate 

accuracy. 

I n  an  at tempt  t o  study convergence of the  Monte Carlo program, 

wi thout  i n t e r f e r e n c e  from t h e  s t a t i s t i c a l  f l u c t u a t i o n s ,  w e  r a n  f i f t y  

i t e r a t i o n s  wi th  a f ixed  c o l l i s i o n  sample a t  each s t a t i o n .  These runs  
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4 were made wi th  10 co l l i s ions / sample ,  f i v e  s t a t i o n s ,  and a Mach number 

o f  2.5. No c l e a r  convergence was i n d i c a t e d ,  poss ib ly  because t h e r e  i s  

an i n t e r a c t i o n  between the r a t e  of convergence and t h e  l a r g e  s t a t i s t i -  

c a l  f l u c t u a t i o n s  corresponding t o  these  s m a l l  samples. A s imi l a r  b u t  

less ex tens ive  run f o r  a l a r g e r  sample a l s o  d i d  n o t  c l e a r l y  show ade- 

qua te  convergence p rope r t i e s .  I n  t h i s  more accu ra t e  c a l c u l a t i o n ,  how- 

ever, t he  per iod  o f  t h e  long-term f l u c t u a t i o n s  dur ing  the  i t e r a t i o n s  

was decreased by a f a c t o r  of two o r  more. 

I n  view of  t hese  seve ra l  i n d i c a t i o n s  o f  convergence t r o u b l e s ,  

and the  recommendations of D r .  Mott-Smith regard ing  methods of i n t e -  

g r a t i o n ,  i t  seemed appropr ia te  t o  redes ign  the  i n t e g r a t i o n  method. A 

new method has  t h e r e f o r e  been der ived  which imposes a l ea s t - squa re  f i t  

o f  t he  d e r i v a t i v e  of a polynomial, f o r  each s t a t i o n ,  t o  the  Monte Carlo 

d e r i v a t i v e s  d f /dn  a t  each i n t e r i o r  po in t  of  t h e  shock, and r e q u i r e s  

exac t  matching of  t h e  polynomial t o  the  boundary va lues  of f .  Proper 

choice of the  degree of  t he  polynomials w i l l  f o rce  a c e r t a i n  smoothing 

o f  t he  "noisy" va lues  of the d e r i v a t i v e s  c a l c u l a t e d  by Monte Carlo.  

F i t t i n g  i n  the  manner descr ibed t o  the  i n t e r i o r  va lues  of t he  d e r i v a t i v e  

and t o  the  end va lues  of the func t ion  makes s tep-wise i n t e g r a t i o n ,  w i th  

i t s  danger of i n s t a b i l i t y ,  unnecessary. We be l i eve  t h a t  a second s t e p  

toward improving the  i n t e g r a t i o n  method w i l l  make f i t t i n g  of  a polyno- 

m i a l  f o r  each v e l o c i t y  b i n  sub jec t  t o  a u x i l i a r y  condi t ions  expressing 

t h e  f a c t  t h a t  t h ree  moments of  the d e r i v a t i v e s  vanish a t  each s t a t i o n  

i n  the  shock wave. 
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While these  r ev i s ions  of t he  program a r e  being made, w e  s h a l l  

undertake a very  simple c a l c u l a t i o n  f o r  a "pseudo-shock" t h a t  was sug- 

ges t ed  by Arnold Nordsieck a s  a t e s t  of h i s  Monte Carlo method. 

B. Hicks 

7.2 O s c i l l a t i o n s  i n  Non-Uniform Plasmas 

I n  the  previous qua r t e r  we r epor t ed  observa t ions  of  incoherent  

s c a t t e r i n g  of  microwaves by a h igh  frequency mode of a f i n i t e  non-uniform 

plasma. Although a number of papers  have appeared during the  l a s t  two 

yea r s  t h a t  d i scuss  c e r t a i n  f e a t u r e s  of  t hese  modes, t he  whole s u b j e c t  

i s  s t i l l  i n  i t s  infancy.  1-6 

I n  t h e  fol lowing,  w e  o u t l i n e  a method t h a t  permi ts  u s  t o  

t r ea t  one s p e c i a l  case o f  a non-uniform plasma i n  cons iderable  d e t a i l ,  

and t h a t  provides  a s u i t a b l e  b a s i s  f o r  t h e  i n v e s t i g a t i o n  of more gene- 

r a l  cases .  

We cons ider  a one-dimensional plasma enclosed between two 

i n f i n i t e ,  specu la r ly  r e f l e c t i n g  w a l l s  a t  x = 0 and x = L. The behavior  

of the  plasma i s  descr ibed  by t h e  l i n e a r i z e d  Vlassov and Poisson 

equat ions  

- a f l  a f l  e a f O  
-!- v- - - El n (x )  = 0 ,  a t  ax m 

- -  aE1 - -4neJ'fldv . 
ax 

The t e r m  E a f l / a v  can be shown t o  be 

hencefor th .  A s  boundary condi t ions ,  

0 

'The papers  c i t e d  he re  a r e  

small ,  and i t  

w e  r e q u i r e  

l i s t e d  i n  t h e  

(2) 

w i l l  be neglec ted  

Bibl iography ( $ 7 . 3 )  . 
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(3)  

( 4 )  

Following Weissglas we in t roduce  the  func t ions  

F+ = f ( v )  + f ( -v )  and F- = f ( v )  - f ( -v ) .  The boundary condi t ion  f o r  

t h e  d i s t r i b u t i o n  func t ion  now simply r e q u i r e s  F- = 0 a t  t he  boundaries.  

The func t ions  f and E a r e  assumed t o  have a t i m e  dependence of e . i w t  

Equations (1) and (2) then become 

cn a 4rre i - [E1 + - J' F- v dv} = 0. w 
0 

a x  

I f  no e x t e r n a l  d r iv ing  f i e l d  i s  p r e s e n t ,  equa t ion  ( 6 )  impl ies  

00 

4rrei F- v dv . 
w = - - J' (7) 

0 

For F- and El,  we now choose the  following expansions which s a t i s f y  the  

boundary condi t ions:  

c 

For n(x)  w e  choose the spec ia l  p r o f i l e  

It w i l l  be shown l a t e r  t h a t  t h i s  choice i s  less r e s t r i c t i v e  than i t  

might appear.  I n s e r t i n g  (8) and (9) i n t o  (5) and (7) r e s u l t s  i n  the 

fol lowing recurrence r e l a t i o n  f o r  : Ek 
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with 

W2L +" '(afo/av)dv 
= 1+;K J' 

Iu - m v / L  
'W 

'k 

For k = 1 w e  have to observe that E = -E1. These are two -1 
infinite sets of homogeneous equations, for odd and even indices. 

For a solution to exist, the determinants must vanish. This 

require s 

o =  

and 

o =  

... ... *.. ... 

V 
' ( 8  -1) 0 0 

-(" -1) 0 

€2 2 2  

p4- 1) c 
V V 

4 2 4  

V V 
-(" -1) 8 2 6  

0 0 

-(e -1) 6 2 6  0 

... ... 
... ... ... ... 

0 . .  

... 

... 

... 

... 

... 

... 

... 

... 

... 
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In order to evaluate these determinants we divide the k th 

V 
row by ?(ck-l). The odd determinant then becomes 

o =  
0 

and a corresponding expression holds for the even set. 

is of the form 

The determinant 

D 

1 0 0 0 . .  1 a 

1 0 b.. a2 

0 1 a3 1 0 . .  

. 

We divide the first row by a and subtract it from the second row. This 1 
yields 

D =  

1 

0 

0 

0 . .  

l/al 0 0 0 . .  

0 . .  0 . .  

a3 1 

b.. 0 . .  b.. 0 . .  
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Proceeding i n  t h i s  fash ion  we o b t a i n  

By c a l c u l a t i n g  the  p a r t i a l  numerators 

t inued  f r a c t i o n s  i t  can be shown t h a t  

and denominators of t hese  con- 

a l l  terms cance l  except f o r  t he  

numerator of  the  l a s t  continued f r a c t i o n .  Hence 

n ’  D = l i m A  
n-*o 

where An i s  t h e  numerator of 

1 

n-1 a - 0 . 0  

n- 2 

1 a -  * - n a 

- 
I f  t h i s  continued f r a c t i o n  vanishes ,  we may 

1 

2 a3  - * * *  

- 
1 0 = al 

a -  

write 

This  i s  the  d i s p e r s i o n  r e l a t i o n  i n  t h e  non-uniform case.  

A p a r t i c u l a r l y  simple express ion  f o r  t he  continued f r a c t i o n  

a r i s e s  i f  we r ep lace  8 by i ts  value der ived from the  moment equat ions  

f o r  a warm plasma 

k 

I n s e r t i n g  t h i s  express ion  i n t o  ( lo ) ,  we n o t i c e  t h a t  t he  recur rence  

r e l a t i o n  f o r  the  % i s  i d e n t i c a l  w i th  t h a t  f o r  t he  c o e f f i c i e n t s  of  the 

Mathieu func t ions  se (x,q), i f  we pu t  7 n 
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W T  = -  v L2 2 L2 w 

AD AD P 
a = -  (2- 1); q = - - *  

2 2 ,  w 

Hence, we conclude that E obeys a Mathieu equation 

E" + (a - 2q cos21TxlL)E = 0 . 
The eigenmodes of  oscillation are then given by the corresponding 

values of a and q, belonging to the Mathieu function se (x,q). The 

corresponding eigenfunction E is the Mathieu function se (x,q). 
n 

n n 
The qualitative behavior of these eigenvalues is sketched in 

Figure 7.1. 

of q corresponding to the two different density profiles (Figure 7.2). 

The eigenvalues can of course be calculated exactly by using 

the correct expression for the dielectric constant and solving for the 

roots of (13). Computer calculations in this direction are in progress. 

Likewise, the eigenfunctions corresponding to the modes can be obtained 

numerically, 

We notice the asymmetry for positive and negative values 

The knowledge of the eigenfunction and eigenvalues provides 

a starting point for the calculation of more difficult density profiles 

by perturbation theory, because the near degeneracy of the eigenvalues 

for V = 0 has been removed. 

E. Jackson 
M. Raether 
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Figure 7 .l. Eigenvalues for the Mathieu Equation. I 
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Figure 7 . 2 .  Plasma Density Prof i les  
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8. HIGH MAGNETIC FIELD SUPERCONDUCTORS 

C. B. S a t t e r t h w a i t e  R .  R ies  
J. 0. Kopplin R .  K l ingb ie l  
W. 0. Gentry M. G .  Craford 
R. Berns te in  

8.1 In t roduc t ion  

This group ‘ i s  pr imar i ly  i n t e r e s t e d  i n  s t u d i e s  which con t r ibu te  

t o  an understanding of  t he  pe r s i s t ence  of  superconduct iv i ty  t o  very 

h igh  magnetic f i e l d s .  Studies  inc lude  m a t e r i a l s  p r e p a r a t i o n ,  i n v e s t i -  

ga t ions  of the  p r o p e r t i e s  o f  Type I1 superconductors ,  and the  p r o p e r t i e s  

of superconducting specimens of  very  small  dimensions. 

8.2 Superconduct ivi ty  in  Thallium-Antimony Alloys 

I n  an at tempt  t o  f ind  a Type I1 superconductor wi th  a t r a n s i -  

t i o n  temperature near the lambda-transi t ion of l i q u i d  H e ,  the  supercon- 

duc t ing  p r o p e r t i e s  of  a s e r i e s  of thallium-antimony a l l o y s  have been 

s tud ied .  The series contained a l l o y s  of composition between 0 and 30 

atomic percent  of antimony. 

The samples were prepared i n  an i n e r t  atmosphere and h e a t  

t r e a t e d  f o r  s eve ra l  hours to a t t a i n  homogeneity. The t r a n s i t i o n  t e m -  

p e r a t u r e s  were obta ined  from magnet izat ion s t u d i e s  using the  v i b r a t i n g  

sample magnetometer. From these measurements were a l s o  obta ined  the 

c r i t i c a l  f i e l d s  Hc, Hcl ,  and Hc2  cha rac t e r i z ing  the  Type I1 supercon- 

d u c t i v i t y  i n  these  a l l o y s .  Measurements of the r e s i d u a l  r e s i s t a n c e  

r a t i o  were a l s o  made. 
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Residual  r e s i s t i v i t y  measurements i n d i c a t e  t h a t  i n  the  neigh- 

borhood of 13.5 atomic percent Sb an ordered s t r u c t u r e  m u s t  occur .  

Also i n  t h i s  r eg ion  of composition t h e r e  i s  a d i s t i n c t  r ise  i n  the  

t r a n s i t i o n  temperature ,  though the maximum occurs  between 15 and 18.5 

atomic percent .  

The a l l o y s  were Type I1 superconductors ,  bu t  they were f a r  

from i d e a l  i n  t h a t  t h e i r  magnet izat ion was h ighly  i r r e v e r s i b l e ,  and 

the re  was apprec iab le  t rapping of f l u x .  

This program has  been terminated f o r  the  time being wi th  the  

completion of a Mas te r ' s  t h e s i s ,  the te rmina t ion  o f  M r .  Gent ry ' s  t enure  

a s  an i n d u s t r i a l  r e sea rch  fel low,  and h i s  r e t u r n  t o  the  Fans tee l  

Me ta l lu rg ica l  Corporat ion.  A r e p o r t  w i l l  be forthcoming. 

W .  Gentry 

8 . 3  Superconducting Tunneling 

The anomalous cu r ren t  peaks i n  tunnel ing  c h a r a c t e r i s t i c s  o f  

Nb-Nb oxide-In j u n c t i o n s ,  reported i n  the  previous QPR, have been 

s tud ied  i n  some d e t a i l .  This s t r u c t u r e  has  now been observed i n  a 

number of j unc t ions  composed of  a v a r i e t y  of superconductors ,  and i t  

i s  now be l ieved  t o  be c h a r a c t e r i s t i c  of  j unc t ions  e x h i b i t i n g  a DC 

supercur ren t  r e s u l t i n g  from e i t h e r  a tunnel ing  supercur ren t  ( t he  dc 

Josephson e f f e c t )  o r  a low c r i t i c a l  c u r r e n t  superconducting s h o r t .  

I n  s i t u a t i o n s  where two superconductors a r e  separa ted  by a 

th in  i n s u l a t i n g  b a r r i e r ,  we know from Josephson and o t h e r s  t h a t  one 

can t r a n s f e r  Cooper p a i r s  a t  zero-vol tage from one s i d e  t o  the  o t h e r  
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without  change of  energy. A t  f i n i t e  vo l t ages ,  however, the t r a n s f e r  

involves  a change of energy 2eAV per  p a i r ,  where AV i s  the  vol tage  d i f -  

fe rence  between the two s i d e s ,  and the  t r a n s f e r  i s  allowed only  i f  

t he re  i s  an absorp t ion  mechanism f o r  photons o f  t h i s  energy. 

A cur ren t  a t  a f i n i t e  vo l tage  i n  excess  of the  q u a s i - p a r t i c l e  

tunnel ing  cu r ren t  i s  then evidence of such an abso rp t ion  process  and 

i s  a man i fe s t a t ion  of  what has come t o  be known a s  the  AC Josephson 

e f f e c t .  

I n  Figure 8.1 the peak s t r u c t u r e  i n  the  cur ren t -vol tage  curves 

i s  shown r e l a t i v e  t o  t h e  normal two-superconductor tunnel ing  

c h a r a c t e r i s t i c .  

To r e s o l v e  the  s t r u c t u r e ,  which r e p r e s e n t s  a whole s e r i e s  of  

nega t ive  r e s i s t a n c e  r eg ions ,  w e  r e s o r t e d  t o  the  c i r c u i t  shown i n  

F igure  8.2. With the  p a r t s  of the c i r c u i t  i n d i c a t e d  immersed i n  

l i q u i d  H e ,  i t  was poss ib l e  t o  provide a very low impedance source f o r  

t h e  tunnel ing  c u r r e n t .  The load l i n e ,  which i s  numer ica l ly  equal  t o  

R1 + R 2 ,  could be made a s  low a s  a few mil l iohms,  thus  allowing us t o  

r e s o l v e  very sharp cu r ren t  peaks. 

Tunneling c u r r e n t  peaks a t  f i n i t e  vo l t ages  have been observed 

under a number of circumstances,  and i t  i s  p o s s i b l e  t o  make some 

g e n e r a l i z a t i o n s  about them. 

1.. The c u r r e n t  peaks a t  f i n i t e  vo l t ages  always accompanied 

a super -cur ren t  peak a t  zero vo l t age  and were o f  comparable magnitude, 

S imi l a r  s t r u c t u r e  was observed whether the  zero-vol tage  cu r ren t  was a 
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Figure 8.1. Voltage Current Curves. 
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Figure 8.2. Circuit for Measuring Tunneling Current. 
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Josephson tunnel ing  cu r ren t  o r  a low c r i t i c a l - c u r r e n t  superconducting 

s h o r t .  This i s  no t  unreasonable,  s i n c e  the  two a r e ,  i n  many ways, t he  

same. It i s  c l e a r  t h a t  i f  a vo l tage  can be sus t a ined  a c r o s s  e i t h e r ,  

t he  t r a n s p o r t  o f  p a i r s  m u s t  be accompanied by an abso rp t ion  process .  

The s h o r t s  could be e a s i l y  d is t inguished:  ( a )  they had no magnetic 

f i e l d  dependence, (b) the  cu r ren t s  a t  zero-vol tage were g r e a t e r  than 

the  t h e o r e t i c a l  maximum f o r  the DC Josephson e f f e c t ,  and (c) t h e r e  ap- 

peared t o  be an appreciaBle normal conductance p a r a l l e l  t o  t he  tunnel ing  

cu r ren t .  

2 .  V a r i a t i o n  of  temperature a f f e c t e d  the s t r u c t u r e  i n  two 

ways. F i r s t ,  the  number and amplitude of the  peaks increased  wi th  

decreas ing  temperature.  This corresponds t o  the  enhancement of the  

Josephson e f f e c t  o r  the  inc rease  i n  the  c r i t i c a l  c u r r e n t  of a s h o r t  

wi th  decreas ing  temperature.  The second e f f e c t  i s  t h a t  the  vo l t ages  

a t  which the  peaks occur a r e  s h i f t e d  uniformly wi th  v a r i a t i o n  of  t e m -  

pe ra tu re .  The s h i f t s  i n  vol tage  wi th  temperature v a r i a t i o n  f o r  both 

Nb-NbO - In  and Nb-NbO -Sn junc t ions ,  r e l a t i v e  t o  the  t r a n s i t i o n  t e m -  

p e r a t u r e s  o f  I n  and Sn, are shown i n  F igure  8.3.  

X X 

3 .  I n  cases  where the  c u r r e n t  peaks accompanied superconducting 

s h o r t s ,  t he  s t r u c t u r e  was independent of  magnetic f i e l d ,  bu t  when they 

accompanied Josephson tunnel ing the  amplitude of  a l l  peaks were p e r i o d i c  

i n  magnetic f i e l d  and wi th  approximately the  per iod  of  the  zero-vol tage 

peak. They were,  however, not n e c e s s a r i l y  i n  phase wi th  i t  o r  w i th  

each o t h e r .  This  i s  ev ident  from Figure 8 . 4 ,  which shows curves f o r  

t he  same j u n c t i o n  a t  a s e r i e s  of magnetic f i e l d s .  ' 
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I n  most of t h e  junc t ions  t h e r e  appeared t o  be series of 

peaks a t  m u l t i p l e s  of a fundamental frequency. For example, the 

s e r i e s  o f  peaks ind ica t ed  with c i rc les  i n  Figure 8.4 i s  spaced a t  

m u l t i p l e s  of approximately 10.7 microvol t s ;  t he  f i r s t  t h ree  peaks 

occur q u i t e  accu ra t e ly  a t  t h i s  spacing.  Those peaks marked wi th  

t r i a n g l e s  form another  s e r i e s  a t  20 and 40 microvol t s .  

It appears  t h a t  the s t r u c t u r e  we observed i s  very s i m i l a r  t o  

the  s t e p s  i n  the  tunnel ing  curves observed by Fiske .  These have been 

analyzed by Fiske  and h i s  co-workers a s  s tanding  wave modes i n  the 

junc t ion  i t s e l f .  Trea t ing  the j u n c t i o n  a s  a t ransmiss ion  l i n e  which 

has  a capac i tance  per u n i t  l ength ,  determined by the  th ickness  and d i -  

e l e c t r i c  cons t an t  of  the  i n s u l a t i n g  b a r r i e r ,  and an inductance per  

u n i t  l e n g t h ,  determined by the p e n e t r a t i o n  depths ,  they have been ab le  

t o  c a l c u l a t e  s tanding  wave frequencies  of the  magnitude observed. One 

g e t s  from a t rea tment  of  t h i s  k ind  a temperature  dependence of  t he  

vol tage  a t  which the  peaks should occur ,  r e s u l t i n g  from the  temperature 

dependence of the  pene t r a t ion  depth .  

The vol tage  a t  which the  peaks should occur i s  i n v e r s e l y  

p ropor t iona l  t o  ,,/(A 

and A i s  the  p e n e t r a t i o n  depth of the  o t h e r  superconductor,  I n  o r  Sn 

i n  the  p re sen t  case.  Therefore ,  t he  r a t i o  of  the  vol tage  a t  any t e m -  

p e r a t u r e  t t o  the  l i m i t i n g  value Vo,as the  reduced temperature t ap- 

proaches ze ro ,  i s  V/Vo = (ANb(0) + hX(0) ) / (hNb( t )  + A X ( t ) ) l .  

I n s e r t i n g  va lues  f o r  the pene t r a t ion  depths  of Nb and I n  and t h e i r  

+ AX) where A Nb Nb i s  the p e n e t r a t i o n  depth of Nb 

X 
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temperature dependences one ob ta ins  the t h e o r e t i c a l  curve shown i n  

Figure 8 . 3 .  The t h e o r e t i c a l  curve f o r  Nb-Sn i s  no t  apprec iab ly  d i f -  

f e r e n t  from the one shown. 

M. Craford 
R .  Peacock 
R .  Ries 
C .  S a t t e r t h w a i t e  

8 . 4  Micro-micro Voltmeter 

A t r i a l  vers ion  of a cryogenic ,  low l e v e l  DC vol tmeter  has  

been cons t ruc ted  and i s  being t e s t e d .  S e n s i t i v i t y  and o t h e r  ope ra t ing  

c h a r a c t e r i s t i c s  a r e  being s tudied .  

The vol tage  s e n s i t i v i t y  of  t h i s  instrument  i s  p r i m a r i l y  due 

t o  i t s  unique inpu t  c i r c u i t r y .  The inpu t  o f  the  vol tmeter  c o n s i s t s  of 

a small so lenoid  which i s  v ib ra t ed  i n s i d e  of  a se t  o f  pickup c o i l s .  A 

s e n s i t i v e  AC a m p l i f i e r  and lock- in  d e t e c t i o n  system, connected t o  t h e  

pickup c o i l s ,  d e t e c t  the presence of any DC c u r r e n t  i n  the  so lenoid .  

The e n t i r e  i npu t  c i r c u i t  i s  opera ted  i n  a l i q u i d  helium ba th ,  allowing 

the use of superconducting wire i n  the  so lenoid  and pickup c o i l .  

The inpu t  impedance i s  t h e r e f o r e  pu re ly  i n d u c t i v e ,  so t h a t  

extremely small  DC vo l t ages  can be de tec ted .  The vo l t age  must be l a r g e  

enough compared to the  input  inductance so t h a t  the measurement can be 

made i n  a reasonable  l eng th  of t i m e ,  and the  source impedance must be 

below some minimum l e v e l ,  however. 

Pre l iminary  measurements i n d i c a t e  the  s e n s i t i v i t y  t o  be 

q u i t e  h igh ,  a l though cons iderable  d i f f i c u l t y  i s  encountered from 

spur ious  s i g n a l s .  The main spur ious  s i g n a l s  a r e  apparent ly  caused by 
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poor sh i e ld ing  of both the  e a r t h ' s  f i e l d  and the  AC f i e l d s  a t  the  i n s t r u -  

ment 's  carrier frequency. 

i s  p r e s e n t l y  d e t e c t a b l e ,  although superimposed upon spur ious  s i g n a l s  

equ iva len t  t o  a 100 pA i npu t ,  With t h i s  s e n s i t i v i t y ,  and source resist-  

ances of  ohm o r  l ess ,  one p i c o v o l t  (10 v o l t )  would be d e t e c t a b l e  

i n  about t h r e e  minutes ,  and would be w e l l  above the  no i se  i n  twenty 

minutes ,  

One microampere i n  an inductance of 200 pH 

-12 

R .  Ries 

C r y s t a l l i z a t i o n  of Nb Sn 

Considerable  progress  has  been made toward growing Nb,Sn 

3 8.5  

s i n g l e  c r y s t a l s  of s u f f i c i e n t  s i z e  f o r  

C r y s t a l s  w i th  f l a t  f aces  up to  2 mm on 

A t o t a l  of t en  runs has  been 

crystal-growing furnace.  The d u r a t i o n  

J 

t he  s tudy of t h e i r  p r o p e r t i e s .  

an edge have been obta ined .  

completed us ing  the  Nb3Sn 

of t hese  runs  v a r i e d  from 19 

hours  t o  160 hours.  I n  a l l  cases  a niobium-tipped rod was i n s e r t e d  

i n t o  t h e  Nb-Sn s o l u t i o n  t o  provide the  s i te  f o r  nuc lea t ion  of  the  c rys-  

t a l s .  This  produced p o l y c r y s t a l l i n e  s ta r t s  a s  numerous c r y s t a l s  were 

obta ined  from each run. Figure 8.5 shows the  niobium t i p  and Nb Sn 

c r y s t a l s  as taken from the furnace fol lowing r u n  number 5 .  The solu-  

t i o n  temperature ,  i n  t h i s  case,  was he ld  a t  1286OC and the i n i t i a l  t i p  

temperature  was 1220 C .  The s o l u t i o n  was s t i r r e d  magnet ica l ly  and the  

t i p  was i n  con tac t  w i th  the  s o l u t i o n  f o r  a t o t a l  o f  43 hours .  

F igure  8.6 shows a s i n g l e  c r y s t a l  a f t e r  being i s o l a t e d  and removed 

from the  t i p .  

3 

0 



Figure  8.5. Nb Sn C r y s t a l s  a s  Withdrawn from Furnace. 3 

Figure  8 . 6 .  Sing le  Nb Sn Crys t a l .  3 
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Cor re l a t ion  between c r y s t a l  s t r u c t u r e  and s i z e  w i t h  the 

va r ious  furnace parameters  has been l i m i t e d  because o f  f a i l u r e  and/or 

necessary  modi f ica t ion  of c e r t a i n  furnace p a r t s .  All c r y s t a l s  have 

been grown from a molten Nb-Sn s o l u t i o n  he ld  a t  a temperature of ap- 

proximately 1290 C wi th  a maximum temperature v a r i a t i o n  of 2 C during 

the  c r y s t a l  growing per iod .  Withdrawal o r  r a i s i n g  o f  the  niobium t i p  

during the  c r y s t a l  growing per iod a t  any r a t e  approaching .0075 inches  

per  hour was de t r imen ta l  i n  t h a t  on ly  a h igh  number of  very imper fec t ly  

s t r u c t u r e d  c r y s t a l s  were obtained.  Rota t ion  of  the  t i p  a t  12 rpm 

r e s u l t e d  i n  the  growth of l a r g e r  c r y s t a l s  wi th  fewer s t r u c t u r a l  

imperfec t ions .  

0 0 

A schematic diagram of the  furnace i s  shown i n  Figure 8 .7 .  

The Nb-Sn s o l u t i o n  i s  coniained i n  a h igh  p u r i t y  alumina c r u c i b l e  

supported i n  the  h o t  zone of the  furnace  by a lava  pedes t a l .  

13% Rh thermocouple ad jacent  t o  t h e  s i l i con -ca rb ide  hea t ing  element 

was used t o  c o n t r o l  t h e  furnace temperature ,  and thermocouples i n s i d e  

the  niobium t i p  and i n  a ceramic tube i n s e r t e d  i n t o  the s o l u t i o n  were 

used t o  measure the t i p  and s o l u t i o n  temperatures ,  r e s p e c t i v e l y .  A 

s l i g h t  flow of argon was e s t a b l i s h e d  and maintained through the  furnace  

during the  c r y s t a l  growing per iod a f t e r  t he  furnace chamber had been 

evacuated us ing  a s tandard  vacuum pump. 

A p t / p t  

The next  phase of t he  i n v e s t i g a t i o n  w i l l  use  small Nb Sn 3 

c r y s t a l s  f o r  top-seeding the Nb-Sn s o l u t i o n .  The problem he re  i s  se- 

cu r ing  the  r a t h e r  small  c r y s t a l s  i n  a manner which w i l l  wi ths tand  the  
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,,Probe Thermocouple 

M o t o r  
(for rotating probe) 

(for ralaing probe) 

-Solution Thermocouple r 
To vacu 
Pump 

TO vacuum v A Argon I n l e t  
Gauge 

Figure 8.7. Furnace f o r  Growing Nb Sn C r y s t a l s .  
3 
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high  furnace temperature.  At ten t ion  w i l l  be g iven  t o  determining i f  

t h e r e  i s  a p r e f e r r e d  c rys t a l log raph ic  o r i e n t a t i o n  f o r  growth of  the 

c r y s t a l s .  Also,  s t u d i e s  of  the p u r i t y ,  s t r u c t u r e ,  e l e c t r i c a l  and mag- 

n e t i c  p r o p e r t i e s  of  the c r y s t a l s  a r e  planned. 

Work on the  chemical a n a l y s i s  of  s o l u t i o n  samples taken from 

t h e  furnace ,  f o r  t h e  purpose of determining the  s o l u b i l i t y  of niobium 

i n  t i n  i n  the  1100-13OO0C~ temperature range,  has cont inued,  bu t  f i n a l  

r e s u l t s  have n o t  been obtained.  Considerable t i m e  was spent  developing 

a c e r a t e  t i t r a t i o n  technique us ing  n i c k e l  as a r educ to r  f o r  t he  s t a n n i c  

t i n  s o l u t i o n ,  on ly  t o  c a s t  doubt on the  s u i t a b i l i t y  of the  n i c k e l  

r educ to r  f o r  the  q u a n t i t a t i v e  de te rmina t ion  of  t i n  i n  t h i s  system. 

J .  Kopplin 
R .  K l ingb ie l  



D. A lpe r t  
E. M. Lyman 

78 

9.  HIGH VOLTAGE BREAKDOWN 

T. Casale 
H. Tomaschke 

D. Lee 
W .  E d e l s t e i n  

9.1 C r i t i c a l  F i e l d  f o r  Tungsten Elec t rodes  

The da ta  for  broad-area p a r a l l e l - t u n g s t e n  e l e c t r o d e s  i n  

u l t r a h i g h  vacuum have been presented i n  the  form o f  Fowler-Nordheim 

p l o t s .  The s lope  o f  t hese  p l o t s  y i e l d s  the  enhancement f a c t o r  B by 

which the  average o r  g r o s s  e l e c t r i c  f i e l d  V/d a t  the  cathode must be 

m u l t i p l i e d  i n  o rde r  to  ob ta in  t h e  l o c a l  f i e l d  p re sen t  a t  t he  t i p s  of 

t he  whiskers  r e spons ib l e  f o r  the f i e l d  emission c u r r e n t .  The f i n a l  

r e s u l t  f o r  t he  average value of t he  c r i t i c a l  f i e l d  Eb a t  breakdown i s  

6.5 
7 1 X 10 V/cm, which agrees  very  w e l l  wi th  the  r e s u l t s  o f  Dyke 

1 4 Boyle, K i s l iuk ,  and Germer? Gofman e t  a1 . ,3  and Tomaschke. e t  a l . ,  

Pre l iminary  r e s u l t s  were repor ted  i n  the  CSL Progress  Report f o r  June ,  

J u l y ,  and August, 1962, where i t  was shown t h a t  t he  c r i t i c a l  f i e l d  

thus  obta ined  i s  cons tan t  w i t h i n  the  experimental  e r r o r  f o r  over f i v e  

o r d e r s  o f  magnitude of  gap spacing. The va lue  of  E may thus  be b 

Dyke, Trolan,  Marten, and Barbour, Phys. Rev. 2, 1043 (1953). 1 

2Boyle, K i s l iuk ,  and G e r m e r ,  Journ.  Appl. Phys. 26, 720 (1955). 

3Gofman, Protopopov, and Shuppe, Sovie t  Phys. S o l i d  S t a t e  
Phys ics  2, 1203 (1960). 

4H. Tomaschke. PhD. Thes is ,  Un ive r s i ty  of I l l i n o i s ,  Urbana, 
(1964). 



7 9  

regarded a s  a c h a r a c t e r i s t i c  proper ty  o f  t he  e l e c t r o d e  m a t e r i a l .  A 

very  important consequence of t h i s  r e s u l t  i s  t h a t  t he  va lue  of  break- 

down vol tage  i s  thus  r e l a t e d  t o ,  and d i r e c t l y  p r e d i c t a b l e  from, the  

observed volt-ampere c h a r a c t e r i s t i c  of t he  pred ischarge  f i e l d  emission 

c u r r e n t  when the work func t ion  'p i s  known. Knowing the c r i t i c a l  e l e c -  

t r i c  f i e l d  a t  which breakdown w i l l  occur ,  one can a r r i v e  i n  a non- 

d e s t r u c t i v e  way a t  the va lue  of vo l tage  a t  which breakdown w i l l  occur .  

Another important  r e s u l t  i s  t h a t  under c l ean  cond i t ions ,  t he  breakdown 

c h a r a c t e r i s t i c s  f o r  e l ec t rodes  o f  a g iven  m a t e r i a l  a r e  apparent ly  inde- 

pendent o f  the geometry, and of  whether the  e l e c t r o d e s  a r e  s i n g l e  

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

9.2 M u l t i p l e  Po in t s  on Broad Elec t rodes  

I n  our  broad a rea  e l e c t r o d e  experiments ,  the  pred ischarge  

c u r r e n t  was found t o  a r i s e  from a number of  p a i n t  e m i t t e r s  on the  

cathode. A s  t h e  vol tage  between the  e l e c t r o d e s  i s  slowly r a i s e d ,  a t  a 

c u r r e n t  of about one microampere, t h e  e l e c t r o n  beams impinging on the  

anode produce sha rp ly  def ined blue-green p i n  p o i n t s  of l i g h t  on the  

anode. The l i g h t  i s  very f a i n t  and r e q u i r e s  dark  adap ta t ion  t o  be 

observed. The b r igh tness  of t h e  s p o t s  i n c r e a s e s  wi th  inc reas ing  cur- 

r e n t ,  and they number from 1 t o  10 per  cm ,, For an e l e c t r o d e  spacing 2 

o f  about  0.4 cm (V = 160 kV, I = 150 P A ) ,  t h e i r  diameter i s  approxi- 

mately 0.01 cm. Although the spo t  p a t t e r n  i s  r e l a t i v e l y  unvarying over  

a pe r iod  of hours ,  c e r t a i n  spo t s  may d isappear  o r  f l i c k e r  and new s p o t s  

appear elsewhere from t i m e  t o  t i m e ,  e i t h e r  w i t h  o r  wi thout  v i s i b l e  

breakdown, the  t o t a l  number remaining roughly c o n s t a n t ,  a t  a g iven  gap 
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spacing. It was observed t h a t  a l a t e r a l  movement o f  t he  cathode wi th  

r e s p e c t  t o  the  anode (maintaining cons tan t  gap spacing)  caused the  

e n t i r e  p a t t e r n  o f  s p o t s  t o  move ac ross  the  anode i n  conjunct ion wi th  

the  cathode motion. Thus i t  seems p l a u s i b l e  t o  a t t r i b u t e  each i n d i -  

v idua l  spo t  t o  the  beam from an i n d i v i d u a l  whisker o r  p ro t rus ion  on 

the  cathode. The s i z e  of the anode spo t s  agrees  w i t h  t h a t  c a l c u l a t e d  

by the  method o f  Vibrans for  t he  beam spreading from a whisker of  t h e  

dimensions observed by Tomaschke and o thers .6  

from the s p o t s  i s  roughly t h a t  t o  be expected from the v i s i b l e  t a i l  of 

t he  bremsstrahlung spectrum of t h e  impinging e l e c t r o n s ,  a s  suggested 

by Silverman and Vibrans, or from "Li l ienfe ld"  r a d i a t i o n .  

5 

The l i g h t  i n t e n s i t y  

7 8 

When the  h igh  vol tage  was i n i t i a l l y  app l i ed  t o  e l e c t r o d e s  

which had n o t  been exposed to h igh  vol tage  f o r  a per iod  of  a day o r  s o ,  

f l u o r e s c e n t  s p o t s  which d i d  not  move l a t e r a l l y  i n  conjunct ion wi th  the  

cathode motion were seen a t  t he  anode. Spots were a l s o  seen on the  

cathode. These f l u o r e s c e n t  s p o t s  were of  somewhat d i f f e r e n t  co lo r  

than the  s p o t s  produced by the impinging e l e c t r o n  beams. They com- 

p l e t e l y  disappeared i n  a minute o r  so ,  and a r e  presumably due t o  specks 

5G. E. Vibrans,  Lincoln Labora to r i e s  Technical Report  308 
(18 Apr i l  1963). 

% i t t l e  and Whitney, NRL Report N o .  5944 (May 20, 1963) and 
Journ. Appl. Phys. 34, 2430 (1963). 

E. Silverman, Lincoln Laboratory (MIT). High Power Tube 7 
Program Semiannual Report (December, 1962). 

See, f o r  example: H.  Boersch, C .  Radelof f ,  and G .  Sauerbrey,  8 

Phys. Rev. Let ters  1, 52 (1961). 
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of f l u o r e s c e n t  m a t e r i a l  adhering t o  the  anode and cathode; t h e i r  

disappearance i s  a s s o c i a t e d  with gas  b u r s t s  and sharp  i n i t i a l  c u r r e n t  

p u l s e s ,  which a l s o  disappear  i n  a s h o r t  t i m e  a f t e r  applying the  h igh  

vo 1 t age. 

9 . 3  E f f e c t  o f  Gas on the Predischarge Curren t  

Previous experiments were repea ted  i n  an  a t tempt  t o  o b t a i n  

a reproducib le  measurement on the  e f f e c t  o f  gas  i n  reducing the  pre-  

d i scharge  cu r ren t  between tungsten e l ec t rodes .  Although a reduct ion  

of  two o r d e r s  o f  magnitude i n  the  c u r r e n t  was observed,  presumably due 

t o  the  b lun t ing  by i o n  bombardment of t h e  emitter t i p s ,  t he  experiments 

were regarded a s  unsuccessful ,  because the  r e s u l t s  were not reproduc- 

i b l e .  The t r o u b l e  seemed to be due t o  a masking of t he  gap emission 

cu r ren t  by an i o n  c u r r e n t  which t akes  the  longes t  d i scharge  path (from 

f l ange  t o  f lange)  i n  the  e l ec t rode  chamber, and b u i l d s  up by the  

Townsend mechanism. The apparatus  i s  being modif ied wi th  guard r i n g s  

t o  i s o l a t e  t he  i o n  c u r r e n t  from the  gap c u r r e n t .  

9 . 4  Predischarge  Current and Voltage Breakdown between Gold 
E l  e c t r o  de s 

Gold e l e c t r o d e s  of p u r i t y  99.95 have n o t  g iven  the  degree of  

r e p r o d u c i b i l i t y  i n  predischarge c u r r e n t  and vol tage  breakdown t h a t  were 

obta ined  w i t h  the  s i n g l e  c r y s t a l  tungs ten  e l e c t r o d e s .  Never the less ,  

s t r a i g h t  Fowler-Nordheim p l o t s  a r e  obta ined ,  and the  enhancement fac-  

t o r s  der ived  from the  p l o t s  i n  conjunct ion w i t h  the  observed breakdown 

vo l t ages  i n d i c a t e  a prel iminary c h a r a c t e r i s t i c  e l e c t r i c  f i e l d  i n t e n s i t y  
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7 a t  breakdown, E b ,  of 6 . 4  f. 1 x 10 

t h a t  ob ta ined  f o r  tungsten.  

V / c m ,  which i s  n e a r l y  the  same a s  

(@ = 4.8 e V  was assumed f o r  go ld : )  

9.5 F l i c k e r  and Rectangular Pu l ses  

It was previous ly  reported9 t h a t  t he  f i e l d  emission cu r ren t  

from both small  and broad area  e l e c t r o d e s  e x h i b i t s  " rec tangular"  f l u c -  

t u a t i o n s  a s  i f  some of  the  emission s i tes  were b i s t a b l e  i n  t h e i r  

emission p r o p e r t i e s .  The dura t ion  of the  pu l ses  ranges from micro- 

seconds t o  seconds,  o r  even longer .  Then, i t  was observed t h a t  i n  both 

types of e l e c t r o d e s  the  l i g h t  s p o t s  on the  anode due t o  impinging e l e c -  

t r o n  beams f l u c t u a t e  i n  i n t e n s i t y ,  o r  f l i c k e r .  When observed on a 

modified f i e l d  emission microscope, t he  f l i c k e r  was found t o  c o n s i s t  

o f  t he  appearance and disappearance o f  small  b r i g h t  s p o t s  w i t h i n  the  

p a t t e r n  o f  a s i n g l e  emitter po in t .  

By focusing the  l i g h t  from a f l i c k e r  spo t  on to  a pho toce l l ,  

i t  was found t h a t  the  emission c u r r e n t  f l u c t u a t e s  i n  exac t  correspond- 

ence wi th  the  l i g h t .  

Severa l  a t tempts  were made t o  e l i m i n a t e  t h e  f l i c k e r ,  Cooling 

the  cathode support  wires with a l i q u i d  helium ba th  produced no ob- 

se rvab le  change i n  t h e  f l i c k e r ,  nor d i d  c leaning  t h e  cathode by hea t ing  

i t  t o  temperatures  as high  as  2400 C. 
0 

I n  o rde r  t o  o b t a i n  a purer  m a t e r i a l ,  a tungs ten  cathode was 

hea ted  i n  the  presence of  tungsten carbonyl vapor,  causing the  tungs ten  

carbonyl  t o  decompose and depos i t  a l aye r  of pure tungsten on the 

cathode.  This reduced bu t  did n o t  e l imina te  the  f l i c k e r .  

9CSL Progress  Report f o r  Dec., 1963, J an .  and Feb. ,  1964, p.74. 
Also Progress  Report f o r  March, A p r i l ,  May, 1964, p.89. 
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However, wi th  a cathode made of u l t r a h i g h  p u r i t y  tungs ten  

(obtained from the Westinghouse E l e c t r i c  Corporation) no f l i c k e r  what- 

ever  was observed, even when the  vol tage  was increased  to  the  p o i n t  of  

breakdown. 

On the  b a s i s  of t h i s  s i n g l e  prel iminary obse rva t ion ,  one may 

p o s t u l a t e  t h a t  t he  f l i c k e r  i s  due t o  the  d i f f u s i o n  ou t  of the  bulk and 

migra t ion  ac ross  t h e  su r face  of t he  tungsten on the  p a r t  of  impuri ty  

atoms. As these  atoms hop onto and o f f  of  an emission s i t e  they a l t e r  

t he  work func t ion  and hence the emission c u r r e n t ,  thereby c r e a t i n g  the  

f l i c k e r  e f f e c t .  Fur ther  work wi th  u l t r a h i g h  p u r i t y  tungs ten  i s  i n  

progress  to  check t h i s  t e n t a t i v e  hypothes is ,  
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10. THIN FILMS 

R. E. Zelac 
W. P. Bleha 
A. Jones 

10.1 Tin Oxide Films 

The report for the previous quarter discussed transparent 

conducting tin oxide films and gave results of various measurements 

which were made to learn something of the electronic structure of this 

material. 

of resistance, stability, and the effects of gaseous and vacuum ambi- 

ents on conductivity. To learn more about the structure, the transient 

photoconductivity has been measured with visible and with ultraviolet 

light. Analysis of this’data is under way at present. Preliminary 

results show that the band gap in this material may be larger than the 

energy corresponding to the shortest ultraviolet light used. 

Measurements were reported on the temperature coefficient 

J. Jacobs 

10.2 Hard Superconducting Films 

Attempts made earlier this year to deposit films of vanadium 

and niobium on substrates at room temperature, even under good vacuum 

conditions, did not produce films having normal superconducting proper- 

ties. Transition temperatures, when they were found, were far below 

the bulk values. Using heated substrates, films of V and Nb have been 

made recently which have superconducting transition temperatures simi- 

lar to bulk material. 
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The method used fo r  h e a t i n g  t h e  s u b s t r a t e s ,  al though unusual ,  

has  g iven  good r e s u l t s .  Subs t r a t e s  are cus tomar i ly  hea ted  by p l a c i n g  

them i n  c o n t a c t  w i t h  a heated me ta l  o r  g r a p h i t e  block, o r  by us ing  

i n f r a r e d  h e a t e r s .  When these  h e a t e r s  consume l a r g e  amounts o f  power, 

they outgas  themselves and ad jacent  p o r t i o n s  of t he  evapora t ion  system, 

and a t  b e s t  do n o t  i n su re  t h a t  the  s u b s t r a t e  has  t h e  r equ i r ed  c o n s t a n t ,  

uniform tempera ture ,  The substrates used i n  making t h e  superconducting 

f i l m s  were of q u a r t z  1/16" X 3/8" X 1-1/2" w i th  about 2000 of  t i t a n i u m  

on the back s i d e .  This t i t an ium f i l m  served a s  an ohmic h e a t i n g  element 

i n  p e r f e c t  thermal c o n t a c t  with the s u b s t r a t e .  Outgassing was n e g l i -  

g i b l e ,  and, since the  power consumption was smal l ,  there was no h e a t i n g  

o f  t h e  remainder o f  the system. 

us ing  about 40 V a t  0.5 A ,  or o n l y  20 w a t t s .  In  t e s t i n g ,  temperatures 

as h igh  a s  1000°C were poss ib l e  wi thout  d e s t r u c t i o n  o f  t h e  T i  f i lm .  

A temperature o f  6OO0C was ob ta ined ,  

The phenomenon o f  supe rconduc t iv i ty  h a s  served i n  t h i s  case  

t o  show t h e  l a r g e  d i f f e r e n c e  i n  t h e  s t r u c t u r e  o f  f i l m s  depos i t ed  a t  

d i f f e r e n t  s u b s t r a t e  temperatures.  The a b i l i t y  t o  make good f i l m s  o f  

superconductors w i l l  be  use fu l  i n  f u t u r e  experiments.  

W .  Bleha 

10.3 E p i t a x i a l  Films 

The vacuum system t o  be used f o r  t hese  s t u d i e s  was completed 

a t  t h e  s t a r t  o f  t h i s  q u a r t e r ,  and p r e s s u r e s  a s  low as 1 X lo-'' Torr 

were obta ined .  Titanium sublimation pumping, when p rope r ly  used, was 

q u i t e  success fu l  i n  maintaining a low t o t a l  p re s su re  i n  t h e  system. 
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I n  the  ope ra t ion  of  t h i s  system an unusual amount o f  t roub le  was 

encountered wi th  copper-gasketed seals leaking a f t e r  bakeout,  and con- 

s i d e r a b l e  t i m e  has  been l o s t  f o r  t h i s  reason.  Other baked systems i n  

the  l abora to ry ,  using the  same f l a n g e s ,  have no t  had t h i s  problem. 

Only t i n  f i lms  have been s tud ied  so f a r ,  and these  were 

depos i ted  on cleaved NaCl s u b s t r a t e s  which had been baked i n  vacuum 

before  cleavage. The a i m  of t hese  experiments i s  t o  produce h igh ly  

o r i e n t e d  s i n g l e - c r y s t a l  f i lms .  E l e c t r o n - d i f f r a c t i o n  and e l e c t r o n -  

microscope examination of some t i n  f i l m s  has  shown t h a t  they c o n s i s t  

o f  o r i e n t e d  p o l y c r y s t a l l i n e  f i lms  a t  b e s t ,  and do n o t  have the  d e s i r e d  

uniform s t r u c t u r e .  It i s  poss ib l e  t h a t  the use of t h i c k e r  f i l m s ,  

h igher  o r  lower p re s su res  during depos i t i on ,  o r  b e t t e r  ou tgass ing  of 

t h e  t i n  charge could l ead  to  b e t t e r  r e s u l t s .  Subs t r a t e  temperature  

i s  an important  parameter ,  of course.  

R .  Zelac 

10.4 Luminescent Films 

The usua l  luminescent s c reens  i n  cathode-ray tubes a r e  made 

by a s e t t l i n g  process  which can be performed on ly  by a s p e c i a l l y  

s k i l l e d  t echn ic i an ,  i f  uniform screens  a r e  t o  be made. A t  b e s t ,  they 

have i r r e g u l a r i t i e s  which l i m i t  r e s o l u t i o n .  Such sc reens  a l s o  evolve ,  

1 

i n t o  t h e  vacuum, va r ious  a c t i v e  gases  harmful t o  su r face  experiments.  

Evaporated luminescent sc reens ,  which have been made by a number of 

workers ,  do n o t  s u f f e r  from these  d i f f i c u l t i e s ,  and would be u s e f u l  t o  

a number of  p r o j e c t s  i n  t h i s  l abora to ry .  
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Suitable screens usually cannot be made simply by vapor- 

depositing a normal phosphor. Evaporation may destroy the activator, 

or stoichometry, or both. Heat treatment after deposition can restore 

luminescence. Selection of phosphor materials is important for this 

method . 
Films of Caw0 were recently deposited and successfully 4 

activated by heating in air, although the process was not completely 

reproducible. Experiments with this, and with other phosphors, will 

continue. Rare earth oxides, which can have luminescent properties, 

may be promising according to some reports. 

W. Bleha 
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11. COMPUTER OPERATIONS 

J. Knoke 
V .  Metze 
R.  Nash 
E.  Neff 
J. S t i f l e  

11.1 In t roduc t ion  

This  group i s  respons ib le  f o r  t he  development and ope ra t ion  

o f  the  CSL computing f a c i l i t y .  

11.2 CSX-1 Computer 

11.2.1 Operat ions 

Period: June 3, 1964, t o  September 3, 1964 

T o t a l  running time: 

Ave. per  day (7 day week): 

Opera t iona l  Time: 99% 

Scheduled Maintenance Time: 

Emergency Maintenance Time: 

859.3 h r s .  

9.44 h r s .  

850.8 h r s .  

0.0 h r s .  

8.5 h r s .  

Breakdown of emergency maintenance time: 

8.0 hrs :  r ep lace  25 v o l t  power supply 

0.33 hrs :  rep lace  shor ted  t r a n s i s t o r  (2N2270) 

0.17 hrs :  rep lace  diode t h a t  was i n s t a l l e d  backwards 

J. S t i f l e  

11.2.2 Modif icat ions 

Eight  a d d i t i o n a l  i n t e r r u p t  channels have been added t o  the  

computer. 
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Additional equipment has been added to facilitate communi- 

cation between the CSX-1 and the 7 0 9 4 .  

Additional input-output circuitry has been added to allow 

the PLAT0 experiment access to the CSX-1. 

J. Stifle 
R. Trogdon 

11.3 CDC 1 6 0 4  Computer 

11.3.1 Operations 

Period: June 1, 1964 ,  to August 31, 1964  

Total running time: 

Ave. per day (7 day week) 

Operational Time: 95.25% 

Preventive Maintenance Time: 4.56% 

Emergency Maintenance Time: 0.19% 

1049.9  hrs. 

11.41 hrs. 

1000.00 hrs. 

47.9 hrs. 

2.00 hrs. 

Breakdown of emergency maintenance time: 

2.00 hrs: Intermittent memory failure. 

E. Neff 

11.3.2 Systems Programming 

A new resident system is being prepared for the CDC 1 6 0 4  

computer. The assembler for the system, now almost complete, contains 

most of the features of FAP. In addition, it contains a more flexible 

expression evaluator, allowing the use of parenthesis, and a campile 

pseudo operation. Descriptions of this and other programs in the 

system will be published as they are completed. 

R. Nash 
S. Seshu 
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