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DETECT1 OW TECHNIQUES FOR TENUOUS PLANETARY ATMOSPHERES 

I. INTRODUCTION, ABSTRACT AND SUMMARY. 

This report will cover the work performed from 1 January 1970 

through 30 June 1970 on Grant NGL-03-002-019 between the University of 

Arizona and the National Aeronautics and Space Administration. 

This contract was set up to support the development of new types of 

Initially, the interest detectors for analysis of planetary atmospheres. 

was in detectors for use under partial vacuum conditions; recently, the 

program has been extended to include detectors for use at one atmosphere 

and adsorption systems for control and separation of gases. 

Results to date have included detectors for O2 and H2 under partial 

vacuum conditions (Publications 1, 3, 4). Experiments on detectors for 

use at higher pressures began in 1966, and systems for CO, H2, and 02, 

were reported in 1967 and 1968 (Publications 8, 12). In 1968 studies 

began on an electrically controlled adsorbent. 

under proper conditions a thin film of semiconductor material could be 

electrically cycled to adsorb and desorb a specific gas. 

extended to obtain quantitative data on the use of semiconductors as 

controllable adsorbents (Publication 12). 

It was demonstrated that 

This work was 

In 1968 a new technique for dry replication and measurement of the 

thickness of thin film was developed. 

Film was shown to be satisfactory when properly used. 

A commercial material, Press-O- 

This technique is 

-1 - 
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most useful for studies of sewiconductor thin films where normal in t s r -  

ference techniques am not practical  because of the nonreflective nature 

of the f i l m  (Publication 13).  

In 1969 studies began on at corona discharge detector for water 

vapor, This systern was shown t o  be rapid i n  responset suitable for con- 

tinuous low powr operation and reasonably l inear  i n  output [on a 

l o g a r i t b i , ~  plot)  from 10% R.H. t o  75% R.H. 

The electroadsorption phenomena reported i n  1968 (Publication 12) 

was extended t o  bulk ZnO samples by using t i  gas chromatograph. 

objective o f  developing a controllable electroadsorbent is slowly bafng 

realized. 

The 

Studies of the reaction between carbon mnoxide and palladium 

have been under way since 1966. Efforts are directed towards gaining an 

understanding of the physics involved and developing a pract ical  CO 

detector for The United States Public Health Service. 

I1 S U M R Y  OF WORK IN THE PAST S I X  MONTHS 

A. CO or %, Reacttons w i t h  Hot Palladium 

Studies of the reaction of CO or H2 with hot palladitmi indicate 

tha t  the change i n  posit ive ion sMtssion, that  occurs when these gases 

contact the metal, seem t o  ba dqcndt3nt on a number of reactions. Them 

is evidence that the gas enters the l a t t i c e  and speeds diffusion of so- 

dim and potassiwn impurities t o  the  surface. A t  the same time sulfur 

and carbon impurities, un the surface, react with the CD and are removed 

pses. 
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When posit ive ion emission occurs there is also B release of non- 

thsrntal exo-electrons, In view of the  complexities involved we have 

s p l i t  the effort in to  two par ts .  The first  is a continuation of the 

basic research with hope that  cer ta in  new instrunentation will allow us 

t o  understand the physics of the process, 

apply &at  we know about the aOJPd phenomina t o  construct a sensit ive CD 

detector. This l a t t e r  work i s  being funded by the Environmental Control 

Administration (the old USPHS) under Grant 1ROlEC-00467-01, 

"he second is an effort t o  

The two studies are very different i n  nature but both will be 

discussed i n  one section of this project report .  

only caremant tha t  there has been significant progress in  understanding 

the physics of the CO/Pd reaction. 

it will be possible t o  observe CO in air  a t  the 100 PPW level. 

A t  t h i s  point we shall 

The work OR the CO detector indicates 

B,  Corona. Dfseharge Hunidity Detector 

The current generated i n  a point-to-plane! corona discharge has 

been shown t o  be dependent on the ambient water vapor pressure?. The use 

of a multipoint brush and an ult raviolet  source stabilizes the system 

and maintains sens i t iv i ty  over a wide range of R,N, The system is being 

repackaged and tested for use i n  f i e l d  studies. The effects of tempera- 

tu re  are the major object of our work a t  this moment. 

C. Elextroadsorption of 0, on Zng 
A new system has been designed and b u i l t  t o  make w e  of the gas 

L. 

chromatograph. We have f ina l ly  (after 12 month) found a sat isfactory 

way t o  hold the ZnO, pass gas mixture through it, and apply ultravgolet 
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l i g h t  while changing the ambient electric f i e l d ,  We are studying the ;. 
adsorption--desorption reactions of ZnO with oxygen and carbon monoxide. 

D. Electron Emiss'ion from Thorfated Tungsten as a Detector 
for  Trace Quantities o f  Mater Vapor 

This investigation of a possible water detector system, for  use in 

Mars Lander vehicle, has bean abandoned. The interference of COz, a t  5 

torr. par t ia l  pressure, was too great. 

E. Surface Catalysis and Exo-Electron Emfssion 

This is a very new program tha t  is an outgrowth of our earlier 

studies of gas-surface interactions with the muis spectrometer. 

are def in i te  indications tha t  when catalysis of the H2 + T02 -* W20 

reaction begins (on 700*C platinum) there is awission of n o n t h e m l  exo- 

electrons. We are jus t  starting this investigation, so only limited 

data 3,s available, but the phenomena. exis ts  and is repeatable. 

possible implications, in terms of an understanding of cetalysis,  are 

great. 

There 
1 

The 

F. Other Activltfes I n  that taboratoy 

The ARPA-sonsored studies on the relationships between fatigue 

and subsequent exo-electron emission are  continuing. We, have shown tha t  

i f  a setal is fatigued t o  some fraction of its t o t a l  l i f e  and then 

heated gently, it will emit exo-electrons, This electron current can 

then be re lated t o  the fatigue history of the specimen. A talk on this 

new technique for non-de8tructive tes t ing will be given at  UCW on 

September 2, 1970. A copy of the nanuscript is attached as Appendix A, 

the work was dons by Bbr. O t t  as part of his studies for the  MSEE degree. 

I 
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The? program has been extended t o  1971 and we have expanded the 

e f for t  t o  include a study of exo-electron emission from thin films in 

which current induced mass migration is occurring. 

M r .  Michael Pomeroy is working on a wireless device t o  encourage 

student response in  class. 

Arizons funds and will be used by Mr. Pomeroy as an undergraduate thesis 

project. The node of operation and objectives are described i n  Appendix 

B of t h i s  report. 

This work is supported by University of 

Mr. Leland Payne is using the laboratory for  developing the various 

components of a State-wide Medical Telemetry System that w i l l  connect the  

various autlying c i t y  hospitals t o  the University of Arizona Medical 

School. 

dissertation. 

This project w i l l  be used by Mr, Payne for  H i s  Ph.D. (EE) 

Another WQ of laboratory facilities occurs i n  connection with 

two courses taught by Professor Hoenig in  Electronics and Instrumentation 

for graduate students i n  the Zoological, Geological and Medical Sciences. 

These students w e  the laboratory and its apparatus Ear demonstration and 

simple pro jKts .  

fiturlra physicians must see and lsarn about modern sc ien t i f ic  apparatus 

front mass spectrometers t o  gas chromatographs. This would be impossible 

without the long term support that  we have received from NASA. 

The University of lirizona Medical School feels that 

In connection with these courses a textbook ent i t led  $bs$mndias 

f+%*ht PCripa is being prepared by Hoenig and Payne, 

one or m e  mquences of t h i s  type w i l l  be a definite par t  of the Medical 

School curriculwn. 

f t  is o w  hope that 



The laboratory is still used regularly by mmbers of the  University 

of Arizona Lunar and Planetary Laboratory. We feel tha t  t h i s  use of NASA 

supported facilities by another NASA h d e d  project is an isportant 

example of how research funds can be conserved by jo in t  use of facilities, 

111. INDIVIDUAL PROJECT REPORTS 

A. CO or H, Reactions with Palladium 
L 

Mr. Richard Pope has fsnished his W E E  work on the interactions of 

CO, Hqr N2, and O2 with hot palladium, The pkcsnmena involved are 

complex; we have observed changes i n  posit ive ion current when any of 

the above gases contact hot palladium. A t  the same time there is svi- 

dence that surface impurities are reacting with ambient CO or Ha and 

releasing the products of reaction in to  the gas phase. This is Atrther 

complicated by an apparent release of em-electrons, from W during the 

reaction. 

The change i n  positive ion emission is thought t o  depend upon the 

gas entering the metal lattice and increasing the r a t e  or diffusion of 

sodium or potassim along grain boundaries. A recent report frm the  

USSR gives convincing evidence tha t  this is i n  Pact the case, Reference 

1. The UPSR data was obtained with O2 on Pt but the similarities t o  our 

om r e su l t s  are so great tha t  one simple sxgerimmt with a Pd w i l l  se t t le  

the question. 

In essence Refsrcbnce 1 showed that p l a s t i c  defo 

foi l  stops a l l  &feet of O2 on positive loa enioaion--until the dis- 

locutions due to the  de t i on  me annealed out. This then ascribrs 



-7- 

t h e  effect of stress on posit ive ion emission t o  dislocations moving 

through grain boundaries and interferr ing with diffusion of sodium and 

potassium. A test of t h i s  mechanism w i l l  be m n  i n  the  next six-month 

period. 

With respect t o  the em-electron emission, observed when CO or M2 

contacts Pd, we have no suggestions as t o  the mchanism. The problem 

seem quite  complex and because of this we have chosen t o  t8ke two 

reperate caurses; M r .  Robert Goetz is working on our PHS contract t o  

develop a detector for CO at  the 30 PPM level.  Here we are looking at  

the reaction from a pure engineering point of view to build a CO detectm 

tha t  works without worrying about how it works. To a t t a i n  this objective 

ne have lOOk8d  at  the ion and electron emission t o  determine which types 

of emission would yield the highest signal t o  noise r a t i o  w i t h  d i lu t e  

CO/air or W/N2 lplixtures, A Xypical resu l t  fs shown i n  Figure 1, by using 

two collecting and recording system the electron and ion currents a t  the 

same time. 

Mr. metz has decided t o  use t he  posit ive ion current as a me 

of the CO/air rat io .  To improve the  sens i t iv i ty  and signal t o  neiss 

r a t i o  he has investigated various "treatmentsft of the pa l lad im filament. 

This id- of "treatingt* or "promoting'l the  filament fa tt purely empirical 

technique bared on the fact that Pd is iaproved as a aatalyst  by cer tain 

'+treat~nents~*. 

response of Pd t o  W2 or CO and its ef9cactiveness as a catalyst for the 

oxidation of these gcwss.) 

(We believe tha t  a connection wt exist between the 

The promotion techniques have involved the us8 of palladium black, 

NaOH deposited froln a water solution and the natural oxide that develop 
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when Pd is heated i n  oxygen. The resu l t s  are shown i n  Figure 2. The 

Pd/Pd black filament gave no exo-electron emission and an erratic 

positive ion ernissibn. 

electron emission and no ion emission. 

produced an intense and s table  ion emission but no exo-electron current. 

The data was quite repeatable but for obvious reasons w8 w i l l  not try t o  

discuss the physics of the various phenomena. Mr. Goete has looked a t  

the signal t o  noise ra t io ,  for  detection of CO, of: these treated f i la-  

The Pd/NaCN.I filament yielded an intense 8x0- 

The Pd/oxidised i n  O2 filament 

Ptents and he has chosen the Pd heated i n  oxygen for  further study. This 

filament treatment can be expected t o  remain unchanged by continued 

operation in air .  

Tho work t o  date has involved development of an accurate filament 

temperature control system. Precision f lome t s r s  haver been installed 

and calibrated t o  provide cantrolledkCOfair r a t io s  down t o  30 PPM 

(0.003%). A t  the marmont @/a i r  ra t ios  of 400 PPr4 can ba easi ly  obsmvotd, 

extension t u  100 PPM w i l l  be accomplished i n  the  next s i x  months. 

Another part of the PHS program involves a survey of the existing 

commercial detectors f u r  0. This work is being done by Miss Beverly 

Martin, she w i l l  campile t h i s  data in to  a bibliography that covers every 

CO detector that has been reported i n  open l i t e ra ture .  

The first basic research work i n  this area will be the 02, CO, Pd 

dislocation study discussed above. We are considering the construction 

of a so f t  X-ray spectrometer for analysis of surftux impurities. This 

instnunsnt is quite  sensit ive t o  the carbon and sulfur i q u r i t i e s  tha t  

have plaguad researchem working with palladium. 

t o  build than the conventional Auger or LEED systems. 

I t  is also much simptsr 
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This technique w a s  developed by Park and Houston a t  Sandia Base i n  

Albuquerque, New Mexico. We 8re trying t o  set up a two week v i s i t  f o r  

Professor Hoenig at  Sandia i n  August. This would f a c i l i t a t e  seeing the 

device in action and permit us t o  make a decision about building one for 

the laboratory. 

8. Corona Discharge Humidi t y  Detector 

In our last report we discussed the repackaging of t h i s  detector 

i n  a sturdy metal container md presented a typical cal ibrat ion curve 

for the 10% - 708, R . M .  range, In the last s i x  months we have built  a 

heater system so that  we could investigate the effects, if any, of high 

ambient temperatures. 

i n  Arizona deserts. 

Summer temperatures over l l S @ F  are not uncommon 

We have also obtained an Alnor Ww Pointer* t o  ca l ibra te  the 

system. There has been a long standing problem with t h e  wet and dry 

bulb hygromter i n  tha t  i ts  accuracy diminishes a t  high R.H. where the 

W Y j t  and dry bulb teqeratrures d i f f e r  by only a €ew degrees, 

Preliminary r e su l t s  with the a i r  heater indicate tha t  the  Corona 

Discharge ha not seriously affected by high temperature ambients. The 

Alnor Dew Pointer nay have solved the somewhat puzzling change in slope 

t ha t  we have observed above 70% R.H, This change i n  slope, was the 

mason tha.1: we had limited the proposed applications of the  detector t o  

*The assistance of Mr. Christ ian Savitz and ?I& famm associates 
at North American Roekwell Corporation (Afr Maze Division), Cleveland, 
Ohio is gratefilly acknowledged. 
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70% R.N. or less. 

bulb than in  the  corona device i tself .  

proceeding with calibration up t o  90% R . M .  

Apparently the problem was more i n  the wet-and-dry 

This is encouraging and ne are 

i. 

We are hoping t o  design apparatus for calibration below 10% R.H. 

but: t h i s  will require et least: another six months. This is an under- 

graduate project and the pace is somewhat slower than a typical graduate 

research program. Mark Canes is no longer working on the program, 

1MT. Bird will continue the studies as part  of his EE undergraduate 

C. Elecroadsorption of 0, on ZnO 

Brrad Fmhr 
L 

In atlr earlier reports we discussed the electroadsorption of oxygen 

type gases on ZnO, 

t ro l led  and specific adsorbent but the  application of this effect required 

It was demonstrated tha t  ZnO could serve as a con- 

more study and developnent. 

Packard W e 1  700 gas chromatograph. This instrument and the ancil1at.y 

gas handling apparatus w a s  described i n  OUT l a s t  report, 

To Rtrther t h i s  work, we purchased a H t s w l e t t -  

During this period we have b u i l t  a ZnO experiglcntal column which 

appears t o  sa t i s fy  the complex requirements of this  experiment. The 

colum is shown schematically i n  Figure 3 .  The inner tuber is a G. E. 

quartz tube mercury lamp, 

se5vlbs as the inner electrode. ?%ere is a spt3ce of some S nn t o  the 

countsrsPlectrode (a f i l m  of stannous oxide on the inside of the outer 

p y m x  tube. The ZnO is i n  the 5 mm space between the electrodes. We 

have found tha t  it is necessary t o  mix a separation material with the 

This is wrapped with f ine  brass screen which 
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ZnO t o  prevent excessive pressure drop i n  the gas flow system. The 

present experiment makes uses of 0.5 mm quartz sand matetrial. The sand 

and ZnO (M. J .  Zinc Company, USP-12) are mixed i n  the r a t i o  of 3 sand 

t o  1 ZnO by volume and packed into the column with a vibratory feeder. 

The experiments t o  date have been devoted t o  studying the adsorp- 

t ion of oxygen and carbon monoxide on the ZnO i n  the presence of W 

l i g h t .  Typically the O2 or CO is pushed through the system by ZL carrier 

gas (Ha, or  NZ}, and the column i n l e t  and outlet &re manitor& by the gas 

chromatograph. 

With the ul t raviolet  l igh t  off the oxygen passes through the ZnO column 

without noticeable adsorption. 

strongly adsorbed for several minutes until thB ZnO is saturated with 

oxygen, 

is pa r t i a l ly  due t o  a reaction between residual. carbon in the ZnO and 

the O2 passing through the system. 

t o  be due t o  displacement of C02 by oxygen on ZnO. 

Typical resu l t s  a€ this experiment are shown in Figure 4. 

With the W fight on the oxygen is 

A t  the same time a release of GO, fs observed which we suggest 

The remainder of the C02 is thought 

These mplacement reactions have been observed by Saltsburg [2 ] .  

It is mst interesting t o  observe tha t  i n  this case the presence of UV 

~ndwm O2 adsorption. Exactly the appodts effect was observed with 

the ZnO t h i n  fi lm used for our earlier experiments. A t  the mment we 

have no explanation for th i s  phenomena but we suspect that it is due t o  

impurities i n  the ZnO, Bulk ZnO is d i f f i c u l t  t o  manufacture at  high 

purity levels (the, A. R. grade is only 99.0%) 

We have not Tun electric f i e ld  experiments on this material 

because the strange O2 adsorption reaction makes it vary d i f f i cu l t  t o  
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know what t o  expect. 

of the quartz W source. A t  present the ZnO is in  direct  contact with 

t h e  quartz tube and the tubs does get  hot from the discharge. However 

we do not feel tha t  effects reported above are due t o  thermal heating, 

because of the s imilar i ty  t o  the work of Reference 2 where thermal ef- 

fec ts  were excluded. 

due t o  the UV l ight  i tself ,  we are designing a reaction system which 

allows €or a flow of cooling a i r  over the quartz tube W source. 

There is also a question about the heating effect 

To remove any thermal heating effects except those 

With respect t o  the C02 desorption we have suggested tha t  a 

reaction of the form C + O2 * C02 is responsible. 

i n  view of the well known ac t iv i ty  of ZnU as a catalyst  for  the CO + 

This seems reasonable 
1 

reaction. We have studied the? response of the ZnQ system t o  CO 

but the data is not yet complete because of leak problems i n  the CO 

handling apparatus. 

D, Surface Catalysis and Exo-Electron Emission 

& m d m  T@$d$ 

In our earlier reports we discussed cer ta in  experiments that 

indicated a connection existad between chemisorption and e.m-electrcm 

emission. Further evidence of this effect is given in  Section 111-A of 

t h i s  report. 
- 

SurjFace ca ta ly t ic  phenomena b known t o  depend upon chemisorption 

and for this reason m decided t o  see if a correlation existed between 

catalysis end exo-el%ctron emission. If such a correlation d id  exist 

it might be an - opening t o  understanding the phenomena we c a l l  catalysis.  

There is some evidence for  the above ideas from the work of Lies [3] who 
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oxidation Q€ CO over Ni. 

fields did have an effect  on 

We chose t o  look a t  a simple 
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the  catalysis of 

reaction first 

stuatiad by Faraday 9nd then by L a n p i r  [4] .  

that  this H2 .t 

Langrnufr in 1922. 

in thfs area since Faraday's work i n  the  era about 1850. 

might well be repeated t o  describe the s i tuat ion i n  1970. 

I t  is  interesting t o  note 
1 O2 + H20 reaction on hot platinum was studied by 

We commented tha t  very l i t t l e  progress had been made 

This comment 

Tke University of Arizona's experiments have made use of the EAI 

Quad 250 mss sp&trometer and associated apparatus used & Fir. Richard 

Pope for his  NSEE thesis. The, catalyst  is a platinum wire, the reaction 

We €0110~ the rate of reaction, 0 M20 with 853 excess of 02, i s H 2 + z  2 
a t  a t o t a l  pressure of 10'' t o r r ,  by monitoring the H20 (W - 18) peak. 

The 6x0-electron emission is observed with a + 10 vol t  collector and a 

Keithley p i c o a m t e r .  

induce the ca ta ly t ic  reaction. 

electron emission. 

\ 

The Pt filament is operated a t  about ?OO°C t o  

A t  t h i s  temperature there is no thermal 

We have observed emission of electrons €rom the P t  during the 

catalytic process and a plot of emissfon current and catalyt ic  r a t e  

versus time is shown i n  Figure 5, 

the gross oxo-electron current leva1 and the  rate of catalysis .  

important t o  mte  the drop i n  electron current that occurs after 480 

seconds af operation. 

long enough and m y  be due t o  the conclusion of some surface distor t ion 

or diffusion phenomena. The time ikora the  s t a r t  of catalysis u n t i l - t h e  

current drop QCCUTS iS dependent upon the filament temperature, A t  

There is a d.Lre& correlation between 

I t  is 

This drop ahqjs occurs i f  operation continues 
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8OO0C the time involved is in  the order of minutes, a t  600eC, hours are  

required. 

arrangement fs occurring (catalysts are known t o  become 17grooved1t and 

distorted in  service), 

current drops, this seems very strange and inexplicable a t  the moment .  

This suggests that  during the start-up phase some surface re- 

A most puzzling fact is the speed with which the 

1 A few preliminary experiments with the CO + Go2 reaction 

indicate tha t  the s a m  sort of exo-electron phenomena exists but the 

time scale is  ent i re ly  different.  

We have suggested that t h i s  exo-electron emission is due t o  surface 

rearrangement tha t  occurs when the filament is heated. This modified 

surface is somehow more suitable for catalysis of the reaction than the 

surface state which exis ts  at room temperature. 

another very short burst of exo-electrons is observed when the filainent 

Interestingly enough 

heating current is turned off. 

surface, structure t o  its equilibrium configuration. 

does begin t o  decrease $s the wire cools indicating that a less favorable 

catalyt ic  s i tuat ion is developing. 

This may represent the relaxation of the 

The rate of catalysis  

I t  is amst interesting t o  speculate on the questions: 

1. What is the significance of the fine structure i n  the 

exo-electron current shown In P i g u m  S? 

2 ,  Can we use exo-electron emission t o  investigate the 

induction period when a catalyst  first begins t o  act? 

(Many catalysts are ineff ic ient  u n t i l  they have been 

i n  w e  for some tilae--this is called the! "inductiontf 

phase. ) 
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3. If %he exo-electron emission is retarded or enhanced 

by applying e lec t r ic  f ie lds ,  w i l l  t h i s  affect  the r a t e  

of catalysis? 

These topics will be investigated by Mr. Tamjidi for  h i s  NSEE thesis .  

I V .  PERSONNEL 

Students who have been supported by the grant and the i r  present 

ac t iv i t i e s  a re  listed below: 

1. 

2. 

3. 

4,  

5 .  

6. 

7. 

Donald Collins, M.S. ,  1963, PB.D., California Ins t i tu te  of 
Technology, Sept. 1969. Presently Research Associate, CIT. 

George Rozgonyi, Ph.D., 1963. Senior Staff  Member, Bell 
Telephone Laboratories, Murray H i l l ,  New Jersey, 

Donald Creighton, Ph.D., 1964. Professor, University of 
Missouri, Rolla. (Partial  NsG-458 support.) 

Maj. C. W, Carlson, M.S., 1965. Active duty, U. S. Army. 

Melvin Eisenstadt, Ph.D., 1965. Associate Professor, 
University of California, Santa Barbara. 

John Lane, M.S., 1968. Philco Ford Company, Tucson. 

Williant O t t ,  M.S., 1970. Burr-Brown Research Company, 
Tucson. (Partial NASA support.) 

V. PUBLICATSOWS GENERATED TO DATE BY RESEARCH ON THIS GRANT 

S. A,  Eoen$g and Others 

1. *Chemisorption Detector for  Rev. Sce. Inetr . ,  85, 

2. 

15 (1964), with D. Collins. 

*'Protection of Copper in  High Tempsrature Air," Rw. So<. 
Imtr., 35, 904 (1964). 

3 .  *%hemisorption Detector f o r  Hydrogen,t1 Rev. So$. li?BLr., 88, 
No. 1, 66 (1965), with M, Eisenstadt. 
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4. ''Change in the Thermionic Emission Current of Palladium 
Due to Chemisorption of Atomic and Molecular Hydrogen," 
J ,  Chem. Phys., 45, No. 1, 127-132 (July 1966), with 
M Eisensfadt . 

5. Wmn Source for Molecular and Atomic Hydrogen," Rev.  ScC. 
Imtr., 38, No. 12, 1878-1879 (19651, by M. Eisenstadt. 

6. 'Use of Liquid Nitrogen Cooled Shield to Protect Proton 
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APPENDIX A 

&PPLXATfONS OF E<O-EI.ECTRCX E$l?SS TON 
- 

- -  
TO NOi DZSTRiJC'iIVE TESTIKG 

. _- 
*- - .  

- _  _ -  ~ y - s t u a r t  A. xoenig I .  

- Professor of Electr ica l  EngineeSng 
. .  

Departizent of Electr ica l  Engintering 
. -  

- - . University of Arizona . - .  

.. . 71. 

.- 
T U ~  son, A r  iz ona 

phencmena we calf exo-electroa emisslon (EEE) was first 

over 130 years zgo by b s e r ,  Refererzce 1. Unfortunate- 

is still a general lack of unZerstanding of tSc physiczf 

c a s e s  of E%E. 

effect rekit ionships to consfdar z ~ p l y h g  EZE to speciffc types 

of m. 

However, 'kie do have enotlgh h o u l e c l g ~  of cause and 

- 

We suggest that whenever the surface of i! l i q r i i d  or e solfd i s  

dfsturt=id, there is a tendency for electrons to escape i n t o  the 

. v a c v u ~  phase, In the cast? of insulators or semfconductors, these 
. .  . -  

efsctrons may cox2 f ro2  F centers near th'e surface. 

one night irrvokt the presence of F centers in surface bxizzs,  

but a vacancy rrecknism i s  a nore reasonable explanation of thc 

existins experinmis,  It i s  th is  pro2osed connection between 

vtczncLes e23 EEE t h a t  p2rG:Its z;plicat€on of E99 t o  NDT, 

In  metals 

A nutii5sr of r e v i m s  of EEE h v e  bzcn given recently,  Refer- 

A t  this Foic t  ve need only nen t ion  _that arg ences 2, 3 2nd 4. 

process s?h€ch d i s i u r b s  2 s o l i d  surface resr:lts €n ESE. Exper- 



fmeu.ts discussed  i n  References 2, 3 and 4 include wire brushing, 

phase changes;, &ensi le  s t r e s s ,  annealing ,, s in te r ing ,  a l loying,  

The major prpbl& 

. 

- S - b y  exc i t a t ion ,  b a l l  mi l l ing  and grinding. 

in studying =E has been t h e  f a c t  t h a t  the currents,invo?ved 

8re small  c- 10 

energy (- Z ev). 

w i t &  all the a t t endan t  problems of gas su i f ace  in t e rac t ions  and 

aon-uniform f&eld d i s t r ibu t ions .  

have tried to use e l e c t r o n  k l t i p l i e r s  for de tec t ing  exo-elec- 

grow, bu t  l aw  'energy e l ec t rons  are not  e f f i c i e n t  i n  fnducing 

-10 
A) and the e l ec t rons  have a r e l a t i v e l y  law 

This forced inves t iga to r s  t o  use GLeger tubes 

More recent ly  inves t iga to r s  

. 

secondary emission. 
. ,  

. .  

%he ackemt of the field effect t r a n s i s t o r  and the opera t iona l  

-q ampfgfier has made i t  possible  to measure cur ren ts  of 10 

uithout d i f f 5 c u l t y .  This capabi1i.ty is a major f a c t o r  i n  the  

appI€cat ion of EEE t o  p r a c t i c a l  NDT. 

- -  

. ; mentFon t h e  use of EEE to  de tec t  a l loy ing  reac t ions .  

was aone under our  NASA g ran t  and concerned the emission 

Turning maw t o  a c t u a l  EEE experiments, it is convenient t o  

This work 

of 

e fec t rons  and bons, from hot  tungsten, during evaporation pro- 

cesses f o r  d The d e t a i l s  were-re- 

ported in Reference 5 .  

loy ing  r e a c t i o n  occured between the tungsten o r  molybdenum sub- 

strate and the metal being evaporeted, a s u b s t a n t i a l  cu r ren t  of 

em-eTectrons was observed. I n  the case of an exo-thermic reac- 

s i t i o n  of Au, Ag, AI e t c .  

Ef fec t ive ly  we observed t h a t  when an al- 

tion [AZ/L!) the electron energy was as high as 5 ev, The number 

of e lec t rons  emit ted during evaporation was a sensLtive measure 

- 



' A  

- .~ . .  . .  

. .  
-: 

:- . . . . .  
t -  

_ -  . 
. .  

0 -  

I 

of the afloying reactfon. Even weak alloys such as Cu/V could 
. .  be d€stin&shed from a no-alloy case like Xg/W. * -  - 

-- 
a i s  phenorcena can be understood ZR terms of the  disturbance 

It would of the surface t h a t  occurs during the a l loy ing  process.  

be m o s t  fnteresting to  Lnvestfgdte the r i l z t i o n s  bet&een exo-elec- 

tron emission and c e r t a i n  possible a l loys  predicted by the  Engel 

s e o r y ,  Referilnce 6 .  

_-_- _- -__- 

- 

The a p p l k a t i o n  of exo-elec t ron emission t o  HDT really ba- 

gan fin 1963 before we knew t h a t  exo-electrons ex'isted. Xr, 5963 

we began looting a t  the app l i ca t ion  of f i e l d  ex iss ion  techniqies  

to observation of satrface nicrocracks.  Using 0.020" diamztei wLres 

and a c y l h d r i c a l  f i a l d  emission microscope (XX) .it was possft le  

to dstect miciocracks as s m a l l  es 4 microns ( loo4  inches). 

0 

T ~ C  
. -  

field emlssion microscope is par t i cu la r ly  su i t ed  for finding 

mkrocracks 'Eecause I - - there  . is __ -- no - - need t o  sczn t he  entire suz- 
- _  _ -  

*- face as Ln o p t i c a l  microscopy. Only cracks and o t h e r  sherg edge 

* defects emit e lec t rons  an6 a r e  imaged, Reference 7. Tile FEE1 . 
- -  _ -  

.e - 
. is sho:Jn in Slide 1. 

In 1967 Cri? E m  VJS used t o  study s tres s  corrosLon cracking 

of urenlum-molybdecun allojts.  

f o l l o k v  th2 vs r ious  steps i n  the SCC process, RzEerence 8. 

Vith the FEX i t  w 2 s  possible to 

- _  
bring thzse stuZies w e  of ten  p u l l e d  specinen v i r e s  t o  

f i e l d s  0 
fa t lure  - a t  hrgh (600 -C)- tempera tu res  and low e l e c t r i c  

so that the e lec t rons  were e a i t t e d  by a conbinzd f ie ld- thermal  

process. 

- -  

The eJcctror,  i~;ai ;es  vzrc observed with  a Rolcs canera 

at 64 fps and we noticed that eniss ion d i d  not cease i t . t !edlr tc ly  

i 



. .. 

. .  

. .  

vhen the w i r e  broke. The post-fracture  emission cane primarily 

from the  broken ends of the w i r e  with intense emission from the  

cup and cone areas. 

two s I i d e s ,  the mater ia l  was t i tadium a t  an i n i t i a l  temperature 

-of 660eC. One of the frames shows what might be exo-efectron- . - 

emission f r o m  a fuders  band s t ruc tu re  on the cone. We f e l t  t h a t  

thlts emission was due t o  exo-electrons escaping from the metal 

8s the dis turbed f r ac tu re  a rea  relaxed t o  i t s  equilibrium shape. 

'In 1969 we began- s tud ie s  o f  the applfcat ion of exo-electron 

Typical s ing le  frames a r e  shown i n  the next 

-- - ---- .. 

. .  

.. 
Sl ide  2 

Sl ide  

emission to BDT of metal fa t igue .  Our program had two object ives:  

X) Gain an understanding of the  exo-electron phenomena 

p a r t i c u l a r l y  the  drrving po ten t i a l  for emission, 

2) Develop a technique f o r  appl ica t ion  of exo-electron 

. emission t o  NDT. 

. We will discuss  the r e s u l t s  of objec t ive  2) f i r s t .  Zn t h i s  

case ye felt sure t h a t  exo-electrop eniss ion 0-ccured during the 

f a t i g u e  process, but  it seemed more important t o  develop a system 

for measurfag' the f a t igue  damage a f t e r  r a the r  than during the  

fatigue cycle. 

serve  and record events during f l i g h t .  

I n  a i r c r a f t  appl icat ions it is d i f f i c u l t  t o  ob- 

I n  any cas'e i t  i s  most 

important to be able  t o  fa t igue  t e s t  a c r i t i c a l  s t ruc tu re  Eefore 

. .  the next f r i g h t  t o  be sure  t h a t  catastrophic  f a i l u r e  w i l l  not 

occur after takeoff , ---_______- - -  

We proposed t h a t  during fa t igue  a complex s t ruc tu re  of va- 

cancies  and d is loca t ions  developzd near the specinen surface.  

_&st of these "defects" would be s e s s i l e  a t  room temperature 



. .  . .- .. . - 
but upon hezztilag a s i g n i f i c a n t  f r a c t i o n  of these  defects n igh t  

- .  
- .  . be e x p e c t d  to d i f f u s e  t o  the surface.  This-vacancy d i f f u s i o n  

-- 
~ O U T ~  in turn fnduce EEE, which uould then be used 'as a measure 

- . _. 

' .  

. .  

.. . 

of the fa t i s ig  level of the specinen. 

-thgent upon; first,  havink a l a r g e  enough c u r r e n t  to  measure 

and seconcl, xmt hea t ing  the s t r u c t u r e  t o  the poin t  where fucds- 

uteatal rnetaXhrgica1 changes occur. 

This t p p l i c a t i o n  is con- -_ -___ 

e 

- 
The spechens f o r  t h i s  s tudy tiere aluninum (1100-0 and 7075- 

-T6>, s tee l  @SAC) and t i tanium (Ti  - 6x1 - 4V). lie specinen 

--&ape is shaxs in the next s l i d e .  Specimns were O.O?O" thick, 

S l i d e  - 
8nb were cFredca l ly  polished t o  a 40 nlcroicch finish. Tne spec- 

f m e n s  were f a I . 1 ~  annealed t o  reiaovi: f a b r i c a t i o n  stresses ac.3 

then heat tretted t o  the  proper tmper .  

.e-. 

L0 
: 

Fat iguhg of t h e  aluminum specimens was done i n  a vibra tory  
* 

madtine d e ~ e ~ i e _ d  _and b u i l t  bx YE. Chr i s t i an  Sav i tz .  The rnachiiie 

S l i d e  fs slumn fn S i i d e  5 .  Tne steel 2nd t i t a n i u n  specin2ns were sent 
CI-- 

-out f o r  f a t f g u i n g  and our  data  on those m a t e r i a l s  is incozplete .  

The discussEon w i l l  be l imi ted  t o  our vork w i t h  aluminum. TG 

t e s t  tho- akza€nua a grortp of  10 spec imns  wzs run  a t  3450 c p  

to fz?lure tb e s t a b l i s h  a mean lifetins. The s c a t t e r  i n  th i s  

l i fe  t e s t  s=zs a b w t  _+ ( 5  - lw). ZE-. next set of specimens rzcre 

run t~ s o m  E-ractZcn, G:, 2'J;.I, 4D$, 6O$, 80; of t h e i r  expected 
- 

__ __ - ._ - life and Eesged-for e-xo-efectxon ea iss ion .  

SliCc The tesk tppara tus  is sho;.n i n  t h e  ndst s l i d e  (6) and a 
c_- 

S l i i .  circuit dia=rzm i s  sho:zn i n  Slide 7* The specimens were heated --- 



8 

clect&ally by passing some 280A of cur ren t  f o r  8 minutes. The 

,- temperature a f t e r  8 ninutes  was 9OoC, f a r  belo:? the tenperature  

where metarlurgica1 cIianges would occur. Tne u l t r a v i o l e t  source 

was zddad :o the  apparatus t o  increase the  exo-electron s i g n a l  

to noise r a t i o ,  

l i g h t  increases  the observed EEE. 

-- 

. A number of i nves t iga to r s  have reported that 

We have no theory fur this  . 
-at the aoaent, there  nay be sone conples photon-vacancy in t e r -  

ac t ion ,  

.. 

The data  obtained xith t h i s  system are shovn i n  the next  

t h e e  s l l d c s .  t!e wish to einphasize t h a t  these f a t igu ing  and 

exo-electron emission s tud ie s  were d o m  2 mSLent  - a i r .  

8 and 9 show exoLelectron current as a f u n c t i o n  of tim f o r  

Slides 
0 
d 

1lOq-0 specinens a t  vzrious f a t igue  leve ls .  

d i s t i n c t  relation bitsween fatigue and exo-electron emission 

There ts a clear, 

(at least i n  1100-0 aluminum). 

-The experI~c~ts-vith fO75-Tb have been dclaysd by h e a t  

t r e a t a e n t  problem.  !le d id  ge t  some data t h a t  indicates EEZ 

may be used t o  measure the manufacturing s t r e s s e s  i n  a fabr ica-  

ted par t .  I n  S l i d e  10 re show the exo-electron cur ren t  versus  

tine f o r  fear 7075-T6 specimsns t h a t  had no fatigue o r  h e a t  

treatment a f t e r  f2br ica t ion .  The s p e c i n i n s  w e r e  r u n  t o  f z i l u r e  

- 

- 
a f t e r  the exo-electroa tes t ,  Except i n  0112 case, So. 49, there  

was 2 d i r e c t  r e l a t i o n  b?t..:een EEE end t i n c  t o  f a i l u r e .  This  

suggests t h a t - c - ~ o ~ - e ~ e ~ ~ ~ ~ e ~ ~ s s i o n  cen be used fo r  evaluat ing 

the fatigue or  cold work t h a t  a specimen has been esposad to  

before i t  i s  p G t  i n t o  ss rv ice .  
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Our o t h e r  area of inves t iga t ion  has  been d i rec ted  toward 

Eere gaining an un6erstanding of the  exo-electron phenomena. 

we have followed the  work of Reference 9 where aluminuo?was 
-. 

r f r a fned  in t ens ion  and t h e  EEE was followed both during and 

after s t r a i n h g . ,  Once again the mechanis-rn involves the gen- 
. -_. .- - -. . 

- 
e r a t i o n  of vacancies  during p l a s t i c  deformation. Subsequent 

c 

vacancy diffusion r e l eases  exo-electrons,  

persists for some t i m e  a f t e r  s t r a i n i n g  ceases and this is taken 

Exo-electron emission 
.. 

ts a measure of the rate a t  which mobile vacanc ie s ' a r e  exhausted. 

- VanVoss and Brotzen inves t iga ted  the e f f e c t  of ambient 

W l i g h t  on exo-electron emission. They tena t ive ly  adopted an . 
P center model involving a surface oxide as  p a r t  of th'e photon- 

e l e c t r o n  i n t e r a c t i o n .  We suggest t h a t  when a vacancy a r r i v e s  

at the surface,  ;he normal b a r r i e r  p o t e n t i a l  is disturbed a n d  
, 

high energy e l e c t r o n s  can "leak out". I f  photons a re  present  
- ~ -  

the number of e l e c t r o n s  which "leak out" is correspondingly 

greater'. 

Our f i r s t  experiments i n  t h i s  a rea  were don2 by Hr. W i l l i a m  
.- 

O t t  f o r  his >SEX thes i s .  Thi! specimens were n icke l  wires0.032" i n  

diameter,  necked down t o  a gauge sec t ion  i n  an e lec t ropol i sh ing  

-chine. The specimens were mounted i n  the vacuum fa t igue  rna- 

c h i n e  shovn in the  next s l i d e .  T h i s  system can provide e i t h e r  

,a d i r e c t  t e n s i l e  or-an- o s c i l l a t i n g  tors ions1  s t r e s s  while Rain- 

t a i n i n g  a vacuum of 10-8 t o r r .  

The specincns were annealed a t  1000°C f o r  24 hours  ( i n  

wacuum) and then e i t h 5 r  s t r a i n s d  o r  fa t igued in vacuum a t  roam 

temperature. The experiments included 

S l i d c  1' 
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1) Exo-elec t ron  

. .  . .  

. .  

- .  

. . .  

f-'. 
L-- 

2) Exo-elec t ron  

-' 3) Bo-e lec t ron  

. f a t igue  

-. 
.. - -- - . .~ . 

. .  
. .  . .  . 

. -  
- -.. . . 
. -  

enis s ion under 

emission under 

emission a f t e r  

. .  

. . .. -c ~ . ., . . .  . .  

t e n s i l e  s t r e s s  

t o r s i o n a l  f a t igue  

-- t e n s i l e  stress or  

-31- 
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The results for experiment (1) above were in agreement wi th  those . 

of Reference 9 .  

sile t e s t i n g  without  any added W source. The cu r ren t  increased 

more slowly than the  t e n s i l e  s t r e s s .  

the cur ren t  died away over a 30 second in t e rva l .  

was reappl ied the  exo-electron cu r ren t  rose r ap id ly  u n t i l  f rac-  

ture then decreased slowly a f t e r  t he  wire  broke. 

In experiment (2) exo-electron emission on at the l8'I3 amp 

Exo-electron emission was observed during ten- 
- -  

c 

When t h e  load was removed 

When the  s t r e s s  

0 

level was observed. The pressure during f a t igue  was loo8 t o r r .  

Each time the  w i r e  was twisted a bu r s t  of e l e c t r o n s  was recorded. 

The cu r ren t s  were small  2nd the in te r fe rence  from e lec t rons  e m i t -  

t ed  by the  mechanical gearing made it  d i f f i c u l t  t o  follow c h b g e s  

-- -- __- -. -. 
r. 

in cur ren t  leve l .  

ed exo-electron emission during f a t igue  . 
Other i a e s t i g a t o r s  (Reference 10) have observ- 

The cur ren t  f i r s t  in- 
_-. - _ _  . 

creases  wi th  each c y c l e  and then decreases again.  This may be 

due t o  work hardening making it rcore,difficult  fo; d i s loca t ions  

t o  move. Re do not  f e e l  t h z t  measurements of exo-electron emis- 

s i o n  during f a t igue  a r e  a s  use fu l  as post-fat igue s tudies .  

-. The -_ s t u d i e s  of E3E -- a f t e r  f a t igue  (3) involved heat ing the 

8 specimen t o  some f ixed temperature i n  the vacuum system- ( a t  10' 

torr) and following the E6E. The r e s u l t s  of a t y p i c a l  r u n  on 



S l i &  -- - three specimens fa t igued  to var ious  l e v e l s  8re shown i n  S l i Z e s  12- 
0 . :  -. - 
B l f &  1% Again there i s  a clear r a l a t i o n  between f a t igue  and post  - 

fatigue EEZ. This data  was obtained without any W l i g h t  and-. 

the t c q e r a t u r e s  required fer s i g n i f i c a n t  exo-electron emission 
---.__-__ -_ 

ere quf t e  high (SC03- 1050°C). - -  

- In view of the p l acke t ' de t ec to r  t h a t  will be discussed i n  
L . -  

the next  s e c t i o n  we began i n t a g r a t i n g  the observed exo-electron 

c u r r e n t  and looking a t  t h e  graph of 

level of thc spzcimi!n. 

for o u r  nickel specimens. 

about t he  55s l e v e l  where the exo-electron cu r ren t  begins to 

S l i d c  
J Idt versus the f a t i g u e  

Typical  r e s u l t s  are shown i n  S l i d e  14 

Tiie cor re l a t€on  is qu i t e  good up  to 
. -- 

c -. . 

\ -  
c- 

. .  
. .- 

decay. We suggest  t h a t  this represents  t t i e  l e v e l  a t  w h k h  t h e  

vacancies  2nd d i s loca t ions  begin t o  p in  one snotSer and d f f f u -  

s ion is fmpeded. This suggests  t h a t  further heating, to sbzve 

1000°C, wouId induce exo-electron emissi6n ~t high fatigus l eve l s .  

There is soiae eviZence f o r  t h i s  but. it  is not  p r s c t i c a l  t o  hea t  

.nfckel above about 1000°C with our present  apparatus,  

2he experinmts suggest  t h a t  vacency s o t i o n  r a the r  than 
-- I _ _  . 

oxide v a c m c i e s  is the par.eneter t h a t  cont ro ls  EEE. Future 

experk ten ts  w i l l  naks u s c  of U-€1-1' apparatus and sputtering 

equfpnent to proGuce reprozucible  an:! c o q l e  te ly  "clean" sur -  

faces .  

questzon- once and- for ever. 

TMs wi31 p5rnit us to s e t t l e  the vacancy versus oxide 

_. 

Appliczt ion of t h i s  post-fatigue technique to KDT r equ i r e s  

a systen for heati.ny: tha structure 2nd c o l l t c t i a g  th2 ezitted 



. .  

.- 

electrons.  It i s  impract ical  to  use r e s i s t i v e  heat ing on somet.!: 
- -  ___ 

thing as complex a s  an a i rp lane  and opt iTal  sou rces  a re  l imi ted  

-33: 

by the  high r e f l e c t i v i t y  of aluminum. 

ve c a l l  a placke-t detector,  cons-csting of a squib heat scurce, 

a Glaubers S a l t  hea t  buffer,  a ba t te ry  driven W source and a 

We have designed a device 

s e l f  developing e lec t ron  sensi t lve.  film. The sys’tem i s  shown . 

in the  next. s l i de .  The diameter of  the placket is about 2’’, 

- t o  permit its appl ica t ion  i n  r e s t r i c t e d  areas.  The operat ional  . 
~ 

. sequence would involve: 
.- - -- 

~- 
I) Fastening the  placket t o  a fatigued s t ruc ture ,  turn- 

i ng  on the  UV l i g h t  and hooking up the 45 v o l t  bat- 
, -- 
\ tery . 

-7- 

2) Fi r ing  the squib. This re leases  a very shor t  bu t  in-  

S l i d e  I5 

t ense  thermal pulse which l a s t s  only a few seconds. 

The Glzubers S a l t  d i s soc ia t e s  according to the formula 

NazSO4 10H20-+Na2S04 + 10H20 

- and the i e s u l t a n t  steam c i r cu la t e s  in the sealed p”,ck- 

et.  

goes backwards re leas ing  the heat previously adsorbed, 

. .  - -. 
As the placket cools below 100°C the  reaci‘ion . 

a The e f f e c t  of t h i s  buffer  reac t ion  keeps the s t ruc tu re  
*- 

from being heated above about $OO°C and spreads the  

heat ing cycle over about 8 minutes. 

3) Exo-electrons a r e  col lected on the film, which is of 
- 

the  Posaroid self-developing var ie ty .  The blackening 
- --- -- --.- ____.-- - 

of the f i lm provides a d i r e c t  read-out o f  the f a t igue  
I 
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of the s t r u c t u r e .  

to some 90°C so no major meta l lurg ica l  changes have 

The s t r u c t u r e  has only been heated 

-. h, 

accured 

The next question is, where are w e  i n  the development of the 

placket detector? .. 
3)  The squlb, W l i g h t ,  Glaubers Salt'cornponents are 

' _  - . .  . -  
off- the-shelf  €tens. The Glaubers S a l t  heat bu f fe r  

is under tes t  a t  the  moinentb i n  another organization. 

The &dak Co. has  Fndicated t h a t  e l ec t ron  s e n s i t i v e  

films for Iow energy ( I O  ev) electrons are p rae t i a l .  

2) . -  

Howork has been done t o  d a t e  on a self developing 

f f h  for 10 ev e lec t rons  b u t  self developing f i l m s  3re 

well known in nuclear  s a fe ty  programs. The Kodak Co. -, 

. *  
-,- ~ .. - _  --.;- has suggestdd t h a t  a Xerox type system might be equal- 

. l p r _ a c t j c a l  for  - -._ this - - appl icat ion.  The exo-electrons 

uouad be co l l ec t ed  on an in su la t ing  p l a t e  and then 

%eveloped" by deposi t ing colored, i n su la t ing  powder. 

The quant i ty  of powder deposited would be a measure 

of the . - to ta l  number of exo-electrons. col leqted.  

final developnent of  the- placket  de t ec td r  w i l l  be a 

- - ._  _- 
The 

func t ion  of t h e  support  and s s s i s t ance  ava i l ab le  from 

indus t ry  and government agencies. . .  

Other I D T  work a t  the University of Arizona has involved 

the app l i ca t ion  of EEE t o  observation of grinding and mi l l i ng  

processes.  This  was f i rs t  suggested by YCrarner (Reference 11) 

. .  

. .  
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-35- 
who used a modified Gieger counter t o  exmine  samples o f  ZnS, 

K2S043 NaCI or  Gypsun a f t e r  grindipg. b o - e l e c t r o n s  were in- 

deed observed and there  was some evidence t h a t  exo-electron emis- ' 

sfon could be cor re l a t ed  with t h e  gr inding process. This would 

follow fron t he  mechanism proposed e a r i i e r  where d i s tu rb ing  the  

surface perinfts e l ec t rons  t o  escape. 

%t seemed poss ib le  that t h i s  process n igh t  be an explanat ion 

of the f i r e s  and explosions t h a t  have occured during gr inding , 

inf lasnable m t e r i a l s  i.e. f lour ,  paint ,  mzgnesiurn. $?e also 

hoped that it would be poss ib le  t o  follow o re  crushing processes 

which are of Lntercst t o  ArZzona*s copper industry.  

- -----_ _-_-______ 

To t e s t  t h i s  l a t t e r  suggestion u e  used a b z l l  m i l l  borrowed 

The b a l l  m i l l  End fro3 the  Anaconda Co. Lsboratot ies  i n  Tucson. 

t h e  assoc ia ted  e l ec t ron ic s  a r e  shovn i n  the next s l i d 2 .  The coil- 

t a c t  -to the  dron was made with bri?ss scrubblng brushes, the cen- 

ter: electrods WOE a s t a h l e s s  steel rod. 

ore were run v i t h - i r o n  b a l l s  'and the  i r o n  b a l l s  were run alone 

Test  batches of copper 

for a blank expericent .  

ircsnts w i t h  w e t  grinding yielded confzsing r e s u l t s  because of 

depos i t s  of n;ud on the in su la to r s .  

The o r e  wcs m i l l e d  witbout wzter, exper-- 

_-  
Typical  data  is shosn i n  the riext s l i d e .  The observed cur- 

d .  

.- r e n t  rises and t h rn  f a l l s .  We suggcst t h a t  t he  t h e  a t  which 

t h e  c u r r e n t  &gins t o  drop i s  the point  where the  ore  has been 

ground a s  f i n e l y  as i t  can be wi th  tEz la rge  b a l l s  t h a t  we used. 

From t h a t  t h e  on we z_re only g r i n d i z s  the iron balls, chich  pro-. 

S l i d f  , 

SlZde 
_I- 

- .  
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. duces a .small bu t  s i g n i f i c a n t  r e s idua l  cur ren t ,  

. .  

'She gr ind ing  experiments a t  the Universi ty  of Arizona have 

,--. 
-..' 

. f  

.. _ -  . . . . . .  . .  

-* 
stopped (by genera l  demand of everyone wi th in  the sound range 

ef our laboratory)  . The work is continuing a t  another- labora- 

. a tory under the auspices of  B a t t e l l e  Ikvelopmo-nt Corp. 

Tbe Iast and la tes t  experiment involving EEE a t  t h e  Univer- 
L 

+sty of Arizona is a study of e l ec t ron  migration i n  t h i n  f i lms,  

6 This is a probfem i n  the e l e c t r o n i c  industry,  when la rge  (10 A/ 

em } c u r r e n t s  go th ru  t h i n  f i lms of Ag o r  A 1  the f i lm moves by a 2 

vacancy d i f f u s i o n  mechanism and eventually the f flm becomes an 

open c i r c u i t .  A review of t h i s  phenomena has been given by 

Black i n  Reference 12. 

from t h i n  films of aluminum, under high cu r ren t  conditions.  

. t h i n k  t h a t  t h i s  emission process was t h a t  f i r s t  observed by 

Shenstone, Reference 13, 

has been given for '  t he  Shenstone Effect .  

We have begun looking for  exo-electrons, 

We 

To d a t e  no o ther  poss ib le  explanation 

Our ul t imate  objec t ive  

* is the 'developxent  of a test  technique for use during the burn- 

in period when in t eg ra t ed  c i r c u i t s  a r e  under load. A metal  f i lm 

w i t h  an excess- number of vacancies would be expected t o  "stand 

out" because of i t s  in tense  exo-electron emission. This would 

permit a manufacturer t o  discard or  rework semiconductor chips 

t h a t  would otherwise be "early fa i lures" .  

Thfs work has  j u s t  been s t a r t e d  but the ind ica t ions  a r e  

t h a t  the phenoinena i s  indeed as we have suggested. 
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APPENDIX B 

- A WIRELESS STUDENT RESPOSSE SYSTEM 

By S t u a r t  A. Hoenig and Michael Pomeroy 

-Departmmt of Electr ical  Engineer ing 

Un ive r s i ty  of Arizona 

Tucson, Arfzoca 

I. I n t r o d u c t i o a  

A system for  mg3suring s tudp .n t  response du r ing  l e c t u r e s  is 

badly needed i n  t h e  u n i v e r s i t i e s .  TIris i s  p a r t i c u l a r l y  t r u e  i n  

Engineering, where t h e  second p a r t  'of a course  may 6epend very 

s t r o n g l y  on w52t i s  taught  e a r l y  i n  t h e  semester. Hovevcr, it 

is often d i f f i c u l t  to  g e t  s t u d e n t s  t o  a s k  ques t ions  and to in-  

dicate  trhen they  a r e  confused beceuse t h e y  don ' t  want t o  look 

s t u p i d  i n  class. This. problem' i s  i n t e n s i f i e d  by the t r end  t o  

la.rge c l a s s e s  where a c l o s e  s tudent - teacher  r e l a t i o n s h i p  can- 

not exist. 

What is n e e d e d  i s  a system where the i n s t r u c t o r  can s a y  

"is that a second orde r  non l i n e a r  d i f f e r e n t i a  1 eqeation?" 

" I f  you t h i n k  i t  i s )push  - your - button." 

t h e  s t u d e n t  b u t t o n s  would be added up on the  i n s t r u c t o r s  

The s i g n a l s  from 

r e c e i v e r  and he would KKGW irrmediately iahat f r a c t i o n  of t h e  

c l a s s  was with him. I f  over  50;: of the  c l a s s  Zs l o s t  he can 

. say  so, and the ques t ions  w i l l  conii! when each s tuden t  realizes 
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t h a t  he i s n ' t  the only one t h a t  is confused! -- 
A hard-w€re system f o r  t h i s  parpose was developed by the 

author in 1967 (1) and proved p r a c t i c a l  and easy t o  use ,  Hov- 

ever the i n s t a l l a t i o n  costs were too  h igh  f o r  gene ra l  app l i ca -  

tion, 

11. The Wireless System c 

The functdonnl diagram i s  shown in the  a t t ached  f i g u r e  1. 

In p r a c t i c e  the i n s t r u c t o r  asks a question, then  each s tuden t  

answers "yes" or "no" by pushing o r  n o t  pushing h i s  button. 

Each bu t ton  gene ra t e s  a sirrgle microsecond pulse,  t h e  r e c e i v e r  

t o t a l s  t h e  pulses f o r  say 10 seconds and then  p resen t s  t he  to- 
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t a l  as a fraction (0 - 1005) of t h e  t o t a l  Runber of s t u d e n t s  i n  

c l a s s .  No s t u d e n t  can vote more than once because of a t ransmi t -  

ter lock-aut system. The r e c e i v e r  can be reset a u t o s a t i c a l l y  

by a timer or  he ld  u n t i l  t h e  i n s t r u c t o r  c l e a r s  it manually. 

Uhen t he  recefver  c l e a r s  the s tuden t  t r a n s m i t t e r s  are ready t o  

go again ,  

The receiver can be adjusted by thf: i n s t r u c t o r  t o  read  1005 

for c l a s s e s  from 5 to 200 s tuden t s .  S ince  about 5 seconds a r e  

r equ i r ed  'for t h e  e n t i r e  c l a s s  t o  respond t h e  p r o b a b i l i t y  of an  

overlap,  w i t h  1 microsecond p u l s e s  is n e g l i g i b l e  f o r  200 s tuden t s .  

The t ransmi t te r ' s  w i l l  be t h e  si22 of a b a l l  po in t  pen, t r a n s n i t -  

ters and r e c e i v e r  w i l l  f i t  i n  a small  a t t a c h e  case.  The system 

will be por t ab le  so t h a t  an  i n s t r u c t o r  can check it  out fo r  a 
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particular class a p p l i c a t i o n .  

A system 

gram is shown 

Reference. 

diagram i s  shown i n  figure 

i n  figure 2 .  

{I) Engineering Edueation 
April 1967 Pg. 588 
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