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ABSTRACT 

This report summarizes the activities of the initial year of effort 
on applying measurements of positron lifetime distributions to character
ize plastic deformation in crystals. Of principal interest is the plastic 
deformation caused by cyclic fatigue. 

The basic delayed slow-fast coincidence circuitry has been made 
operational and now has a resolving power surpassing the manufacturer's 
specifications'. Positron lifetime distribution curves have been acquired 
on various grain sizes of copper and nickel and on some deformed specimens. 
Both copper and nickel specimens have been studied thoroughly in terms of 
grain size for various annealing temperatures. Quantitative analysis 
calculations of positron lifetime data on both undeformed and deformed 
specimens have been deferred pending the computerization of the analysis 
of the lifetime distribution curves. This program is close to being 
completely functional. 

Considerable time was spent in transforming and correcting a 
similar program, obtained from the University of Guelph; however, the 
debugging became more time consuming than writing one of our own, which we 
have now done. Our program will involve less computer time with no 
loss in accuracy. 

Experimentally, we have completed plans to use an analog-to-digital 
converter coupled with a PDP-8 and an ASR-33 teletype for data acquisition. 
The paper punch tape from the teletype will go directly to our Univac 
1108 for data processing. 
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INTRODUCTION 

Fatigue failures are probably the most dangerous type of service 
failure becuase the final stage is catastrophic, unexpected, and fre
quently involves the loss of human lives, as well as untold economic 
losses. At present the only practical way one can tell if a fatigued 
member is approaching the point of catastrophic failure is to examine for 
the presence of small cracks which have developed during cycling. This 
is done either with sonic methods, magnetic particle inspection, eddy 
current measurements, or careful surface examinations. The point is, 
that for these methods to be effective, cracks must already be present, 
thus reducing greatly the margin for safety. The perfection of a 
technique which is capable of following the development of the cold 
worked state during fatigue cycling to the point of initial crack forma
tion (and beyond, of course) is needed. 

A parameter which may be so used to follow the damage produced by 
fatigue is positron lifetime. Grosskreutz1 reported preliminary experi
ments in which cyclic fatigue resulted in appreciable increase in 
positron lifetime with increased number of cycles. 

The basis for any interaction between a charge (positive or negative) 
and a line or point defect is that the defect produces a non-uniform 
dilation in the crystal which causes a rearrangement of the conduction 
electrons. For example, for an edge dislocation2'3 the conduction 
electrons in the compressed region tend to flow toward the dilated 
region, thus creating a dipole and an electric field. This electric 
field exactly compensates for local differences in the Fermi level 
caused by the non-uniform elastic dilation. The presence of a point 
defect should also cause non-uniform dilations due to the usual lack of 
isotropy in the elastic constants. 

The first two reports of a possible connection between lattice 
defects and positrons1* '5 both suggested that positrons may be trapped 
in the core of dislocations where the potential is such that positrons 
may be trapped. In these reports the lifetime of the positron was 
lengthened. Reports exist of increased positron lifetimes6'7 in metals 
at elevated temperatures. It was there proposed that positrons were 
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trapped at vacancies produced at the elevated temperatures. 
Many accounts exist describing the fact that fatigue cycling produces 

high vacancy concentrations. Fatigue also introduces dislocations8'9 many 
of which exist as dipoles. If the dipoles are of the vacancy type, they 
will possess high dilations.10 These facts prompted Grosskreutz to expect 
that significant changes in positron lifetime should be produced by cyclic 
deformation. Such indeed proved to be the case1 in that for fatigued 
aluminum and copper, positron lifetime increases of 30% and 46% were 
detected to a statistical precision of +_ 5 picoseconds in approximately 
250 picoseconds or +_ 2%. 

Grosskreutz1 found a second component in the tails of his decay 
curves. This was attributed to surface artifacts on the basis of 
similar results by other workers.1l More interesting though is the 
finding that the first positron component decayed with two lifetimes; 
T , characteristic of annihilation in annealed material, and x,, a d' 
characteristic of annihilation at dislocation cores or vacancies. The 
dual lifetime explanation is supported by later data of Waung et al.,12 

who in NaCl found enhancement of the secondary component when they 
increased the positive ion-vacancy concentration. They proposed that 
positrons were trapped in the positive ion vacancies which delayed their 
annihilation. In NaCl the two components are easily resolved, perhaps 
because deeper positron traps exist at vacancies in ionic materials 
and there is less probability of finding an electron for annihilation 
than in a metal. 



TECHNICAL REPORT 

Probably the most difficult of the initially proposed tasks has 
been accomplished with very gratifying success. That has been the 
purchase, assembly, and trouble-shooting of the delayed slow-fast 
coincidence circuitry for the measurement of positron lifetimes. This 
was a more formidable task than originally anticipated and, as a 
consequence, has required the rescheduling of some of the proposed 
experiments. In terms of actual time, it took from the initiation 
date of January 1, 1971 until approximately the middle of March 1971 for 
delivery of the electronic components. Most of the time from then 
until early September 1971, or some five and one-half months, involved 
considerable trouble shooting and instances of the return of defective 
components to the supplier (Ortec). The defective components (1 time 
pick off, 1 single channel analyzer, 1 photomultiplier base, 1 photo 
tube) have either been replaced or repaired and the circuitry now has 
been brought to a state of resolution in excess of the manufacturer's 
best expectations. The circuit is now capable of a full width half 
maximum of 230 picoseconds on the distribution obtained for the 
measurement of the time difference between the two gamma rays given 
off by Co60. This is13 as good or better than that attained in most 
laboratories involved with positron lifetime studies. We are operating 
with 33 picoseconds per channel. 

Polycrystalline nickel has been added to the group of metals under 
study (originally copper and aluminum). Initial lifetime data were 
obtained on several grain sizes. This promises to be a most interesting 
study in itself, even prior to deformation. 

A series of rolling and annealing treatments were followed to 
provide various grain size distributions for each of copper and nickel. 
Considerable metallography, of course, has followed up each treatment. 
The initial positron experiments were performed on the copper and in 
retrospect the results are too crude to report in detail for three 
reasons. 
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1) The original fixture, built to hold the sandwich of two 
copper specimens around our Na22 source (Na22 in mylar - 25 micro 
curies), permitted some physical movement of the sandwich. This 
is generally agreed to preclude good results. 

2) The initial annealing treatments produced nonequiaxed grains 
and wide size distributions, evidently due to insufficient 
cold work and consequent inhomogeneity of recrystallization sites. 

3) Our method of slope stripping and intensity calculation was 
initially crude, compared to the more exact computerized method 
we will be using by late February 1972. 

Two quite distinct lifetimes were observed in all our polycrystalline 
specimens. These second lifetimes were longer than the first lifetimes, 
as is usually the case11* in the literature; however, the intensities 
of the second lifetimes we find seem to be rather large. Definitive 
statements on his, however, must await a more accurate data handling 
procedure. For copper the first lifetime, x, , remained fairly constant 
with an average value of 250 ps as the grain size increased, very approxi
mately, from 0.1 mm to 1.0 mm. If x, is characteristic of the lattice, 
it is reasonable that it should not change appreciably during grain 
growth since the perfection of the lattice does not change radically 
after recrystallization.15 

For the nickel Table 1 gives values of x.. , x~, grain size, I-., and 
I„, where I, and I„ are approximate intensities. These data were acquired 
with a new holder which solved the specimen movement problem. The grain 
shapes were still anisotropic with the exception of specimen 3 and the 
data handling procedures were again crude in relation to our eventual 
procedure. Notice, however, that as in the case of copper, there is 
found to be little change in x, as the grain size increases. x„ seems 
to decrease and the intensities of both lifetimes remain fairly constant 
as the grain size increases. The lack of appreciable change in the x, 
for nickel could be interpreted in the same way we did for the case 
of copper but the reason for the change in x„ is not entirely clear. 
If x? were assumed characteristic of a constant type of grain boundary 
causing annihilation, then one might expect that x„ would remain constant, 
and that its intensity should decrease as the total grain boundary surface 



Table 1 
Positron Annihilation in Polycrystalline Nickel 

as a Function of Changing Grain Size 

Specimen No. 

1 

2 

3 
4 

T-| (ps) 

304 

317 

281 
319 

x2 (ps) 

1246 

1207 

1178 
1116 

22.7 

24 

23.5 
24.9 

73 

71 

73 
70.9 

Average Grain Size m.m. 

0.03 (split distribution, 
not equaxed) 
0.04 (more equiaxed than 
#2, more uniform distri
bution) 
0.10 equiaxed 
0.64 (many annealing 
twins) 
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decreased during grain growth. At the same time one might expect the 
intensity of x.. to increase as it becomes more difficult for positrons 
to find boundaries. We do not know, however, whether or not the boundaries 
change in nature during growth other than decreasing in curvature. Eluci
dation of this question forms an important part of the work we propose 
for the future. 

During the period since the renewal proposal was written (September 
1971) considerable effort went into the modification and correction of a 
computer program obtained from the University of Guelph. This became 
counter productive and Dr. R. Ure has now written a new program to do 
essentially the same things more efficiently. The new program is being 
run as of this writing. 

A copper single crystal was ordered to provide specimens at one 
extreme of our study of the effect of grain size. 

A detailed study was made of data acquisition equipment available 
and the decision made to go in the direction of an analog-to-digital 
converter coupled with a PDP-8 (small computer system) and an ASR-33 
teletype for a paper punch readout. Our plan is to read the paper punch 
teletype output directly into the UNIVAC 1108 for data processing. 
This week we were able to effect a large saving by purchasing a slightly 
used teletype at less than half the original cost. 

Both copper and nickel have now been studied adequately in terms of 
the grain size dependence on temperature and time. The earlier problem 
of anisotropic grain shapes has been solved and several grain size 
ranges have been produced in each of which the grain shapes are equiaxed. 
Copper and nickel tensile specimens have been prepared. 

In summation, this program is now ready to move into a very 
productive phase. 
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