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institutes were discussed together with factors such as the critical 

size and the maintenance of the vitality of a research laboratory. 

The subsequent world-wide increase in competition from Japanese 

exports provided evidence for the relevance of Mitchell's penetrat- 

ing analysis of the problems encountered in maintaining basic research 

activity when short-term product development and short-term profits 

are emphasized with neglect of long-term market share. 

UNIVERSITY OF VIRGINIA 1969 - 1979 

Plastic deformation of single crystals of a-phase copper-aluminium 

alloys with 1331]{1103{ii6} and [i25]{12i}I~i0} orientations 

The first ten years of research on the plastic deformation of 

single crystals of copper-aluminium alloys with the [3211 il??}{i45} 

orientation resulted in a new model for the formation of slip lines 

and narrow slip bands. This single slip orientation had been select- 

ed because of the large Schmid factor of 0.4666 for the (ii1)[1011 

primary glide system and the possibility of producing dislocation 

etch pits on the outer {lii) surfaces without the need for section- 

ing and polishing. It had disadvantages. In his etch pit studies 

on sections with {liil, {rill, iilT} and {111} surfaces, Hockey ob- 
- - 

served extensive activation of glide systems on the {1111, {111} and 

{lii} secondary glide planes which impeded the propagation of the 

primary dislocations and produced the hardened central volumes of 

the slip bands. ( 61) His observations by transmission electron 

( 57) 
microscopy with thin foils having surfaces parallel to {i?1} planes 

showed that the secondary dislocations were usually confined to thin 

discs between arrays of primary dislocations. ( 60) They were generat- 



ed by sources activated by stresses resulting from the superposition 

on the applied stress of internal stresses due to avalanches of pri- 

mary dislocations propagating in opposite directions on adjacent 

clusters of glide planes. 

Single crystals with other orientations were next grown to see 

whether the reproducibility of the processes of slip band formation 

could be improved and the range of the primary dislocations increased 

by reducing the frequency of blocking interactions. J. S. Ahearn 2 )  

found that only one of the two equivalent {Till and 11111 glide 

planes was locally activated in the formation of a slip band in crys- 

tals with the [110]{i10}{001} orientation. On the active glide planes 

only one of the two equivalent <101> and <011> or <i01> and <oil> 

glide vectors was involved. There were no applied shear stresses on 

the (rli) and (117) planes. The crystal axis was then rotated through 

13.26" in the [?lo1 zone to give the [3311{i10}Iii6} orientation which 

(137, 58, 3 ,147) The slip proved to have many desirable features. 

traces for a slip line or narrow slip band were continuous around all 

four surfaces. The traces of the (771) primary glide plane in the 

{ii6} surfaces were along <i10> directions at right angles to the 

edges, and the contours of the interference fringes and shadowed slip 

terraces in replicas on the {il~} surfaces allowed the (771) [loll and 

(iil)[011] equivalent coplanar glide systems to be distinguished. De- 

tailed studies of the characteristic features of narrow slip bands 

formed during tensile deformation were made with single crystals with 

this orientation. There was a dramatic improvement in the reproduci- 

bility of the observations. 



An orientation suitable for the simultaneous recording at low 

temperatures of elongation-time and stress-time curves for disloca- 

(138, 58) tion processes involving edge dislocations was also needed. 

This was provided by single crystals with the [i2?1{1?i} {Z~O} orienta- 

tion for which the (ii1)11011 primary glide system has a Schmid 

factor of 0.4899. ( ) With this orientation the trace of the primary 

glide plane in the {ZFO~ surfaces is at right angles to the edges, 
and the [loll glide vector lies in the FlZi} surfaces so that there 

are no slip terraces. Deformation could be confined to the center of 

the crystal by reducing the cross-section with two parallel narrow 

flat-based grooves along the trace of the primary glide plane in the 

{12i} surfaces. (1521 153) These were produced by spark-planing follow- 

ed by electropolishinq without spoiling the polished I2101 surfaces. 

This also proved to be the ideal orientation for the study of deforma- 

(139) tion by bending with a [lZi] bending axis. 

The [3311 axis crystals were strained to just beyond the yield 

point between well lubricated universal heads. The slip bands were 

studied by interference microscopy and by replica electron micro- 

scopy. The crystals were sectioned and dislocation etch pits produc- 

ed on {lii} surfaces. It was found that slip bands formed near the 

centre of the gauge length had more reproducible characteristics than 

those formed nearer the sockets of the grips. This showed that in- 

ternal bending moments, developed during plastic elongation, influenc- 

ed the glide processes. 

A number of significant new observations were made with crystals 

having this orientation. H. McD. Hobgood, ( 58' W. E. Nixon (137) and 

S. K. Ray (147) found that slip lines and narrow slip bands 



were formed by the activation of only one of the two equivalent 

(iil) llol] and (Fi1)1011] coplanar glide systems. The resulting 

long-range internal stresses were then frequently compensated by the 

activation of the other glide system to the same extent with the 

formation of an adjacent slip line or sllp band at a variable close 

separation. Two bands of uniform shear formed near the centre of 

the gauge length in this way gave striking interference patterns on 

the {710} surfaces with no resultant fringe displacement. ( 58) There 

was also no resultant displacement of the fringes over an extended 

length normal to the trace of the {Fill glide planes, showing that 

the two equivalent glide systems were statistically activated to the 

(54,581 The same extent during the plastic elonqation of the crystal. 

sensitive response of these crystals with two equivalent coplanar 

primary glide systems allowed the role of internal stresses in the 

process of plastic deformation to be clearly established. S .  K. 6;;') 
found that narrow slip lines were continuous around the four surfaces 

of the crystals with the same width and a constant integrated shear 

displacement on the {Ti63 surfaces. Since more than 75% of the dis- 

locations corresponding to a slip line at one {Ti61 surface were re- 

tained on glide planes within the crystal, this showed that an equal 

nnmber of dislocations had to be generated on the opposite side of the 

crystal to give the observed equal integrated shear displacement. 

This was consistent with the new model for the deformation process. 

W. E. Nixon and ~litchell then plated [331] axis crystals with 

nickel apart from a central band about 5 mm wide around the trace of 

the primary glide planes. With these crystals, they observed t h a t  



very faint slip lines were introduced at the yield point which were 

continuous around all four surfaces. There was no discontinuity 

across the interference fringes on the {i10} surfaces, and those on 

opposite {ii6} surfaces were of the same integrated step height. 

These fine slip lines were formed by long-range avalanches of sur- 

face-generated dislocations on two very closely spaced narrow clust- 

ers of glide planes. The (ii1)<101> primary glide system was acti- 

vated on one cluster and the (iil)<011> equivalent system to the same 

extent on the other. This work established, as far as seemed poss- 

ible at the time, the nature of the elementary physical process in- 

volved in the formation of very narrow slip lines with minimum devel- 

opment of long-range internal stresses. The observations were fully 

consistent with the proposed model for the elementary process of slip 

line formation in a single crystal of high perfection under ideal 

physical conditions. Care had been taken to eliminate all the recog- 

nized artifacts. 

The elastic constants of the a-phase copper-aluminium alloys 

were needed for calculations of the internal stress distributions 

associated with arrays of dislocations. Working within the group 

and using the methods which had been developed for the growth of 

accurately oriented crystals, L. S .  Cain and J. T .  T;iomas measured 

the first and third order elastic constants for a series of alloys 

( 2 7 ' 2 8  ' This allowed an important with ultrasonic resonance methods. 

contribution to the understanding of the mechanisms of the plastic 
(156,157) 

deformation processes to be made by D. A. Taliaferro and L F. Henry 

who used computer simulation to study the internal stress distribu- 

tion due to the approach of a 60" or edge dislocation to a surface 



on an oblique glide plane. They found that an internal shear stress 

maximum which superimposed additively on the applied stress appeared 

on parallel glide planes at the skrface and increased in magnitude 

as the dislocation approached the surface. For the {iil} primary 

glide planes of [331] axis crystals, the resolved internal shear 

stress was greater along the activated slip vector than along the 

equivalent alternative slip vector. This resulted in the generation 

of a returning dislocation avalanche with the same slip vector and 

accounted for the involvement of only one of the equivalent slip 

vectors in the formation of a narrow slip band of uniform shear. 

J. S. Ahearn ( ) then calculated the resolved shear stresses on pri- 

mary and secondary glide planes due to arrays of 60" dislocations on 

primary glide planes for the [331]{i10}{ii6] orientation using the 

stress field equations of anisotropic elasticity. This provided the 

basis for the detailed understanding of the activation of internal 

primary and of secondary sources and the blocking interactions between 

secondary and primary dislocations on adjacent clusters of glide 
( 60,125) 

planes which had been observed by transmission electron microscopy. 

Taken as a whole, the observations were consistent with the 

model according to which correlated dislocation generation process- 

es at opposite surfaces of a crystal were responsible for the initial 

formation and widening of slip bands. It appeared that surface 

sources operated at the yield stress and that higher resultant stress- 

es were required for the operation of internal sources. This was con- 

firmed by T. N. Lovern ( '') who lightly rubbed the four highly pol- 

ished surfaces of single crystals with the [3311Ii10lIIi6) orientation 



on natural silk or on percale sheeting tightly stretched over a 

piece of plate glass. This introduced a uniform distribution of 

small interacting dislocation loops in a very thin sub-surface vol- 

ume which inactivated surface sources at the yield stress. The 

crystals now yielded at a higher stress with activation of internal 

sources, and the characteristic slip bands were not formed. The 

formation of slip bands was prevented by rubbing only one of the 

(ii6) surfaces or, as W. E. Nixon and Mitchell showed, by plating one 

of these surfaces with nickel. This provided further striking sup- 

port for the proposed model. 

Doubt was still expressed by other workers in the field as to 

the surface generation of dislocations and the long-range displace- 

ment of surface-generated dislocations. It seemed that relay-race 

mechanisms with sequential operation of internal Frank-Read sources 
(133,142) 

were preferred. To increase understanding of these properties, 

W. E. Nixon and M. H. Massey (13') studied the initial stages of 

plastic deformation in bending using single crystals having the 
- - 
I1251 [lZi>{2i0} orientation. They found that edge dislocations were 

generated at the surface where the shear stress had its maximum value 

an? propagated in the decreasing stress field toward the neutral 

plane. The narrow cluster of glide planes between the surface and 

the neutral plane was filled with an approximately uniform linear 

density of dislocations. These dislocations could not cross the 

neutral plane because of the reversed shear stress. There was no 

activation of primary or secondary sources along the glide planes. 

The range of the dislocations was at least 3.2 mm. This work provid- 



ed unequivocal and convincing evidence for the long-range propaga- 

tion of edge dislocations in a copper-10.5 at.% aluminium alloy. 

Processes depending on Frank-Read mechanisms with sequential acti- 

vation of internal sources were clearly excluded as an essential 

feature of the propagation process. No observations consistent with 

the operation of Frank-Read dislocation sources were ever made by 

Mitchell and his coworkers following the initial processes of plast- 

ic deformation of single crystals of copper alloys at the critical 

resolved shear stress of the yield point. 

Measurement of dislocation propagation velocities in a-phase 

copper-aluminium alloys at 4.2 K 

By 1967, a reasonable understanding had been reached of the 

mechanisms by which dislocations are generated and propagated in 

high-quality single crystals of copper-7.5-10.5 at.% aluminium alloys 

With this necessary background, apparatus was designed which would 

allow the study of the rate of plastic relaxation processes at 77 and 

4.2 K. It was established that narrow slip bands with the same char- 

acteristics were introduced at the yield point at temperatures of 

4.2, 77 and 293 K. This was demonstrated by the quantitative study 

of surface topography and of etch pit distributions on polished 

sections. 

At low temperatures the formation of these slip bands is accom- 

panied by abrupt load drops. It was concluded that these had to 

result from a rapid succession of the unit processes of the model, 

and the number of dislocations moving during one of these processes 

had been determined. With this knowledge, it was possible to under- 



take the measurement of the velocity of the dislocations because 

motion on one unit process ceased from work hardening due to propa- 

gation-blocking interactions before that on an adjacent unit was 

initiated. A reasonable estimate of the number of instantaneously 

moving dislocations during the formation of a slip band was there- 

fore available. 

The first measurements at 4.2 K were made by R. B. Schwarz and 
(152,153) 

J. W. Mitchell with a grooved [I25]{12i}{ZI0} crystal, a central 

capacitor transducer for the measurement of the rate of elongation 

and a ceramic piezoelectric transducer mounted in the lower universal 

head for the stress measurement. The outputs were displayed simul- 

taneously with a double-beam oscillograph giving elongation-time and 

stress-time curves. Load drops were observed at the yield point at 

4.2 K. These resulted from the abrupt elongation associated with 

the formation of a narrow slip band and reduction in the stored elas- 

tic strain energy. The elongations produced compressive stress 

pulses which (1) travelled outward through the upper universal head, 

up the pull-tube to a second universal head and rigid block and back 

to the site of relaxation, and (2) travelled outward to the lower uni- 

versal head back through the site of relaxation to the second universal 

head and back. The measured transit time was 400 psec, and this de- 

termined the time for the relaxation process as dislocation motion 

abruptly ceased with the return of the stress pulses. The mechanical 

impedances of the upper universal head and the pull-tube were matched 

to the impedance of the crystal to prevent reflection of the stress 

pulses within the crystal and secondary dislocation processes. 



After an initial interval of 30 ysec, elongation proceeded at 

a constant rate during the propagation of the stress pulses. This 

was determined by the dynamical characteristics of the mechanical 

system and the particle velocity of the moving upper half of the 

system which also determined the constant shear stress during relaxa- 

tion. The measured constant rate of elongation gave the product of 

the number and velocity of the moving dislocations. This divided 

by the number of moving dislocations corresponding to the unit pro- 

cess of the model gave a mean velocity of 2.1 x 10' cm sec-' at a 

resolved shear stress of 29.22 MPa. These were the first observa- 

tions and measurements made in which the macroscopic mechanical 

inertial aspects of a fast-relaxation process were correlated with 

the microscopic dislocation mechanisms responsible for it. 

Binary and ternary a-phase alloys of the Cu-Al-Ni-Pd system 

The detailed study of dislocation relaxation processes in 

Cu-X-at.%-A1 oriented single crystals established that primary dis- 

location avalanches were generated at highly polished surfaces of 

square-sectioned crystals without activation of internal sources. 

The surfaces at which the normal component of the shear displacement 

had a maximum value were favoured. The yield stress and the range 

of the dislocations increased with solute concentration. For con- 

centrations of more than 3 at.% aluminium, a fraction of the dis- 

locations generated at one surface were able to cross the primary 

glide planes to the opposite surface in crystals of the highest ach- 

ievable perfection which had large sub-grains. Correlated return 

avalanches were then generated at that surface by the enhanced re- 

sultant stresses on adjacent clusters of glide planes. The repro- 



ducibility of these processes increased with the resolved shear 

stress on the primary glide planes but was limited by the activation 

of internal sources on secondary glide planes. Sessile segments 

arising from dislocation interactions then blocked the long-range 

propagation of the primary dislocations. For higher velocity long- 

range dislocation motion at low temperatures, it was clearly desir- 

able to increase the resolved shear stress on the glide planes by 

increasing the yield stress and to further harden the internal sour- 

ces. The rate of the local relaxation process is determined by the 

stored elastic strain energy density as there is effectively no 

cross-head displacement during the short time interval. 

Crystals with large sub-grains and low residual dislocation den- 

sities could be grown with Cu-7.5-at.%-A1 alloys, but the sub-grain 

size decreased as the aluminium concentration was increased. The 

Cu-10.5-at.%-A1 alloys gave the maximum yield stress for single 

crystals suitable for detailed study by the methods which had been 

developed. The properties of low solute concentration ternary 

alloys of the Cu-Al-Ni-Pd system were therefore studied. J. S. 

Ahearn ( ) found that the secondary processes responsible for irre- 

producibility in the formation of narrow slip bands were much less in 

evidence with 01-7.5- to 10.5-at.%-A1 crystals containing 1-at.%-Ni. 

This was confirmed by W. E. Nixon (i38) who also studied Cu-X-at. %-Al- 

X-at%-Ni crystals with X = 1 to 4. Optical flats of high perfection 

could be produced on the four surfaces of single crystals containing 

nickel by chemi.ca1 polishing on a plane cotton surface followed by 
(5,138) 

electropolishing. Observations with the interference microscope 

showed that reproducible narrow slip bands of uniform shear were 



formed with higher probability in the Cu-Al-Ni ternary alloy crys- 

tals than in Cu-A1 alloy crystals at the same yield stress. It 

became clear that the introduction of aluminium and nickel gave more 

effective internal source-hardening than aluminium alone and a sig- 

nificant increase in the yield stress. Similar observations were 

then made with single crystals of Cu-X-at.%-Al-X-at.%-Pd alloys 

with X = 0.5 to 6 by H. McD. Hobgood ( 59) who also measured the lat- 

tice parameters of the binary and equiatomic concentration ternary 

alloys and found a very small change for the Cu-Al-Ni alloys from 

pure copper. 

The narrow slip bands formed upon the initiation of plastic 

deformation at the yield point were studied for the ternary alloys 

by Nixon and by Hobgood. They nade observations of surface topo- 

graphy by interference microscopy and by replica electron microscopy 

and found that the slip bands formed at 293 and 4.2 K had the same 

characteristic features as had been established for the Cu-A1 alloy 

crystals. The important conclusion was that the same model could 

be used for the discussion of slip band formation at 293 and 4.2 K. 

Single crystals of these ternary alloys with the [i2?]{1~i~{~i0} ori- 

entation were thmstrained in tension at 4.2 K using the apparatus 

of Schwarz and Mitchell. (152'153) Narrow slip bands were formed at 

the yield point with associated abrupt elongations and load drops. 

The analysis of the observations for the Cu-3-at.%-Al-3-at.%-Pd alloy 

gave a mean dislocation velocity of 2.8 x 10' cm sec-' at a yield 

stress of 73.35 MPa. 

The pairs of (A1,Ni) and (A1,Pd) solutes in these ternary alloys 



both form binary alloys with the CsCl structure and a high maximum 

melting point for the equiatomic composition. ( 53)  This suggested 

that there should be strong mutual attraction between solute pairs 

in the copper matrix. In these circumstances, both the yield stress 

and the flow stress should be increased because of effective source- 

hardening from segregation and of interactions between glissile dis- 

locations and solute pairs. It seemed that it should be possible to 

reach even higher dislocation velocities if the yield stress for a 

ternary alloy could be increased with increasing solute concentration 

without a corresponding increase in the flow stress. The Ni-Pd bin- 

ary alloy system forms a continuous range of solid solutions with a 

minimum congruent melting point at the equiatomic concentration. ( 53) 

This implied possible repulsive interaction between Ni and Pd atoms 

in a copper matrix. The lattice parameter of copper is decreased by 

the addition of nickel and increased by that of palladium so that 

there should be compensation. The shear modulus of copper is increas- 

ed by the addition of nickel and decreased by that of palladium so 

that there should again be compensation. It appeared from the theor- 

( 46) 
ies of solute hardening that there should in these circumstances be 

source-hardening by the segregation of nickel and palladium atoms 

at dislocations increasing the yield stress without an accompanying 

increase in the flow stress. 

These considerations led S. K. Ray and Mitchell 
(147,148) 

to grow 

single crystals of the Cu-X-at.%-Ni-X-at.%-Pd alloys having X = 1 to 

6 and the 13311 {i10}{ii6} orientation. They recorded load-elongation 

curves at 293 K which showed a smooth transition from the yield stress 



to a lower flow stress. Crystals were then strained at 4.2 K and 

dislocation velocities evaluated from the characteristic abrupt 

elongations as in the earlier work of Schwarz, Nixon and Hobgood. 

For the Cu-X-at.%-Ni-X-at.%-Pd alloy single crystals with X = 5 and 

6, the critical resolved shear stress at the yield point was 43.64 

and 50.01 MPa and the lower limit for the dislocation velocity 

7.63 x lo4 and 1.17 x 10' cm sec-', respectively. These values are 

3.6 and 5.6 times the dislocation velocity of 2.1 x lo4 cm sec-' 

found by Schwarz and Mitchell at 4.2 K and at a critical resolved 

shear stress of 29.22 MPa for the Cu-10.5-at.%-A1 alloy. That there 

is indeed a very small probability for the occupation of adjacent 

lattice sites by pairs of nickel and palladium atoms was demonstrated 

by EXAFS studies of thin foils of these ternary alloys using synchro- 

(159) tron radiation. 

Accurately oriented single crystals with a uniform square cross- 

section and four smooth highly polished surfaces were used throughout 

this work. No dislocations were introduced after electropolishing 

and before the initiation of tensile deformation at the yield point. 

Reproducible values were obtained for the yield stress as a function 

(141) of composition For single crystals of the a-phase Cu-A1, 

Cu-Al-Pd, Cu-Al-Ni, ( 59) Cu-Pd (148) and Cu-Ni-Pd (14') alloys at 

293 K and 4.2 and for the flow stress of the Cu-Pd and Cu-Ni-Pd 

systems at 293 K. (I4') These observations contributed to the under- 

standing of the mechanisms of solute hardening. 

The characteristic features of slip lines and narrow slip bands 

introduced at the yield point were studied for Cu-A1 and Cu-Al-1- 

at.%-Ni single crystals by interference microscopy, replica electron 



microscopy, dislocation etch pit configurations, and transmission 

electron microscopy with thin foils. The chemical cloth-polishing 

and dislocation etch pit methods could not be used with Cu-Pd, 

Cu-Al-Pd and Cu-Ni-Pd alloys. The four surfaces of square-sectioned 

single crystals of these harder alloys were polished on plane cotton 

surfaces with y-alumina wetted with a solution of polyethylene oxide 

followed by electropolishing. This allowed the study of slip lines, 

narrow slip bands, and slip terraces by interference microscopy and 

replica electron microscopy. The results of these observations 

showed that essentially the same mechanisms were involved in the 

formation of slip lines and narrow slip bands in all the alloys of 

this system at both 293 and 4.2 K for all the orientations studied, 

provided that crystals of high perfection with the same dimensions 

and smooth highly polished surfaces were used. This conclusion ap- 

plied particularly to the statistically reproducible narrow slip 

bands of uniform shear. The observed constant rate of elongation at 

a constant shear stress during the formation of narrow slip bands at 

4.2 K showed that successive elementary processes were activated to 

maintain a constant average number of moving dislocations. This 

allowed calculations of dislocation velocities at 4.2 K to be made 

with the same model from measurements on single crystals of all the 

alloys. 

The major objectives o f  the dislocation studies with oriented 

single crystals of a-phase copper alloys were thus achieved. These 

were (1) increased understanding of the mechanisms of solute harden- 

ing, (2) elucidation of the mechanisms of initial plastic deformation 

at the yield point and establishment of the elementary processes 



involved, and (3) measurement of dislocation velocities at 4.2 K. 

The researches of Mitchell and his graduate students on the 

initial stages of the plastic deformation of oriented single crys- 

tals of a-phase copper alloys extended over twenty years. They 

resulted in substantial advances in knowledge of the processes in- 

volved in the formation of slip lines and narrow slip bands in 

these crystals. The most reproducible observations were made with 

crystals of the Cu-7.5-at.%-A1 and Cu-7.5-at.%-Al-1-at.%-Ni alloys. 

The three i i ,  [i251{1Ti1{2ioj and [33111i10}1ii6} ori- 

entations were used. For slip on the {iI1}<101> primary glide sys- 
- - 

tem, slip terraces appeared on the 1145) and 12101 surfaces for the 

first two orientations but not on the other surfaces which contained 

the slip vector. The {liif surfaces could be directly etched to 

produce dislocation etch pits. Slip lines appeared on all four sur- 

faces of [331] axis crystals which had two equivalent coplanar pri- 

mary glide systems. Many slip bands with a uniform constant shear 

angle were formed near the centre of the gauge length with crystals 

of this orientation. 

Beyond the yield point, the crystals elongated at the machine 

strain rate at constant load by the successive introduction of dis- 

crete narrow slip bands. The local volume was hardened by the de- 

formation process, and new bands were introduced elsewhere at the 

same resolved shear stress to maintain the strain rate. The inte- 

grated shear displacement, measured with the interference microscope, 

was the same on the opposite iI451, IZFO] and { ~ F G I  surfaces for the 
three orientations and was constant around all four surfaces for a 

single slip band with either a <101> or <011> glide vector for 



[3311 axis crystals. These observations together with replica 

electron microscopy of the surface terraces and dislocation etch- 

pitting of [lii} surfaces showed that more than 7 5 8  of the disloca- 

tions corresponding to the integrated shear displacement at one 
- - 
1145) surface were retained within the crystal. The observed con- 

stant integrated shear displacement could not be explained unless 

dislocations were generated in equal numbers at the opposite sur- 

faces and propagated across the glide planes with retention of the 

same fraction within the crystal. This conclusion led to the ele- 

mentary process of the new model for the formation of a narrow slip 

band in which correlated avalanches of dislocations were generated 

at opposite {i45}, { Z ~ O }  or {IF61 surfaces on adjacent narrow clusters 

of glide planes. The slip bands were widened by successions of these 

elementary processes and hardened by the activation of secondary sourc- 

es by internal stresses developed in the volume between the avalanches. 

The model depends on the long-range propagation of at least a few 

dislocations from one {i41}, {Ti01 or {ii6} surface to the opposite 

surface and upon the correlated involvement of the two surfaces. It 

was supported by the observation of long-range propagation in single 

crystals deformed by bending. In this case, dislocations generated 

at one surface are propagated into regions )f decreasing shear stress 

under the influence of their mutual repulsion. There is no interfer- 

ence from interaction with dislocations propagating in the opposite 

direction. It was further supported by experiments in which one of 

the surfaces was hardened by light rubbing on silk or cotton cloth or 

by nickel plating. This destroyed the symwetry of the system, and 



narrow slip bands were not formed at the yield stress. These experi- 

ments also established that dislocation sources operate at surfaces 

at which slip terraces are formed and not at surfaces containing the 

slip vector. The observations showed that the slip bands were pro- 

duced by surface primary dislocation-generation processes together 

with activation of internal sources, giving propagation-blocking 

interactions. The statistical sequence of these processes was bal- 

anced to allow elongation at the constant machine strain rate at con- 

stant load. The microscopic reproducibility of the processes was 

improved by hardening the internal sources and reducing the applied 

shear stress on the secondary glide systems. This increased the 

proportion of uniform bands with a constant shear angle. 

Other research work 

In addition to the main program on dislocation phenomena during 

the plastic deformation of single crystals of alloys, Mitchell was 

interested in exploratory work in other areas. He was particularly 

interested in comparing the ultimate strength of dislocation-free 

thin filaments of cadmium with the theoretical limit. J. C. Crump 

and Mitchell ( 3 4 )  grew single crystal filaments with surfaces 

parallel to {OoOll and {olio) planes, [51101 axes and uniform rectang- 

ular cross sections by slow distillation in an atmosphere of argon. 

The filaments were strained with a pneumatic tensile device in the 

electron microscope and the maximum elastic strain determined dlrect- 

lyfrom measurements of electron diffraction patterns. The crystals 

failed at measured elastic strains between 3.88 and 4.58 along the 

[2110] direction. The corresponding normal stress was measured di- 



rectly with the tensile device. The resolved shear stress at fail- 

ure on the activated glide systems varied between G/11 and G/l5 

where G is the relevant shear modulus. This was within the range 

of estimated theoretical maximum strengths of crystals for deforma- 

tion by a homogeneous shear process. ( 7 2 )  These were the first absol- 

ute measurements made of the maximum strength of a dislocation-free 

thin filament with atomically smooth surfaces. At this time, J. C. 

Crump ( 3 2 f  3 3 )  also studied the development of hexagonal networks of 

dislocations by the condensation of vacancy loops in basal planes 

during the exposure of thin ribbons of cadmium to the beam in the 

electron microscope. 

C. M. Drum ( 3 6 r  3 7 f  3 8 )  grew thin whiskers of aluminium nitride, 

observed axial dislocations with the electron microscope, and dis- 

cussed their role in the growth of the crystals. Mitchell was also 

interested in the nucleation and growth of filamentary crystals in 

supersaturated aqueous solutions. He had observed that highly super- 

saturated solutions of potassium dihydrogen phosphate could be made 

and stored in Teflon or silicone-treated glass containers and that 

the formation of very fine filamentary nuclei could be observed with 

a phase contrast or with a polarizing microscope between crossed 

polarizers. Using a thin cell with silicone-treated surfaces, M. A. 

Lundquist ( 71) studied the nucleation of very fine needles and their 

rapid outward expansion in supersaturated solutions of potassium di- 

hydrogen phosphate. The thickening of filaments by rapid propagation 

of waves of crystallization along extremely fine filamentary leaders 

was also observed. Successive kinematic growth waves were seen on 

the surfaces of narrow elongated tabular crystals. 



P. E .  Zanzucchi (160) wrote computer programs for plotting and 

indexing the spots of Laue diffraction patterns for any single crys- 

tal orientation on the scale of the canera for superposition on the 

photographically recorded patterns. This allowed higher precision 

to be achieved in the determination of crystal orientations. From 

the measurements of the lattice parameters of natural crystalline 

quartz made using the powder method by H. D. Keith ( 66 1 67) at ~ ~ i ~ -  

tol, it was recognized that precision was limited by the extent to 

which systematic errors could be minimized. The measurement of high- 

precision lattice parameters was now resumed with the large single 

crystals of germanium and silicon of high perfection which were 

available. Systematic errors were eliminated by careful experiment- 

al design and the use of the divergent beam or pseudo-Kossel back- 

reflection method. A computer program was written by P. E. Zan- 

zucchi for plotting the divergent beam X-ray patterns with the ex- 

perimental parameters. This allowed the application of the divergent 

beam method to this particular problem to be thoroughly analysed and 

the diffraction lines which would give the highest achievable pre- 

cision identified. The analysis showed that a Bragg angle greater 

than 8 9 "  could be realized with CoKal radiation for the [620) reflec- 

tions of germanium and with GeKa, radiation for the I1571 reflections 

of silicon. A microfocus Rigaku-Denki X-ray generator was used with 

thin cobalt or qermanium targets, and the back-reflection diffraction 

patterns were recorded at accurately defined temperatures for the 

(620)and (157) reflections from germanium and silicon crystals having 

(111) surfaces. Calculations based on microdensitometer records of 



0 

the diffraction loops gave a = 5.65794 A t 0.00005 A and a = 

5.65802 t 0.00005 for two germanium crystals at 25O C. For 

silicon, a = 5.4314 t 0.0001 at 25" C. Very high precision was 

thus achieved in these measurements of the lattice parameter of 

large single crystals of germanium and silicon of the highest ach- 

ievable quality. 

With W. E. Nixon, Mitchell used his experience in producing 

monodisperse distributions of extremely small silver particles to 

make dispersions of lead particles with mean particle dimensions be- 

tween 3 nm and 5 um and a narrow size-frequency distribution. The 

superconductivity of the particles was characterized by measurements 

of magnetization as a function of temperature and magnetic field by 

T. L. Fariss, T. J. Bucelot, and B. S. Deaver, Jr. ( 44) The larger 

particles had the transition temperature of bulk lead 7.2 K. For 

particles with a characteristic dimension of less than 20 nm, this 

was lower by 0.1 K. A new system was thus provided for the study 

of the properties of particulate superconductors. 

Mitchell had always been concerned with interactions between 

structural and lattice defects in crystals and with the equilibration 

processes. At Bristol, he had found that dislocation-free crystals 

of silver chloride and silver bromide could be readily produced 

whereas crystals of alkali halides always had many small dislocation 

loops. He attributed this to thermally reversible Frenkel disorder- 

ing of the silver halides which can occur in a dislocation-free crys- 

tal compared with creation and annihilation of Schottky defects by 

climb processes with changing temperature at small dislocation loops 

in alkali halides. In a paper published in 1962, ( "' he discussed 



the equilibration processes in crystals which accompany temperature 

changes and precipitation processes and emphasized the important 

role of the screw dislocation in these processes in crystals, such 

as those of germanium and silicon, with vacancy disorder. He used 

the methods of statistical thermodynamics to prove that vacancies 

could be created and annihilated within a crystal at low supersat- 

urations by climb processes involving screw and helical dislocations 

and derived quantitative relations between the supersaturation and 

theradius and pitch of the helix. 

With l i .  E. Nixon, Mitchell developed an improved non-silver 

(140) halide photorecording system based on organotellurium compounds. 

By a new synthetic method, these compounds were made in high yield 

by reacting tellurium tetrachloride with substituted acetophenones 

in chloroform solution under reduced pressure at the lowest possible 

temperature. This gave pure crystalline trichlorotelluro-substi- 

tuted-acetophenones which were then reacted with the substituted 

acetophenone under reduced pressure in ethylene dichloride solutions 

to give the photosensitive organotellurium system. A fine disper- 

sion of cellulose triacetate was added to produce the coating solu- 

tion. Coatings prepared from 4-methoxy- and 2.5-dimethoxy-aceto- 

phenone gave excellent results. They were sensitized by the addi- 

tion of tetramethylpyrazine, which reacted with chlorine during ex- 

posure, and with duroquinone and durohydroquinone. Stable, dense, 

high-contrast, high-resolution images were produced directly after 

exposure to a xenon flash by dry thermal development on a hot plate 

at temperatures between 125 and 150" C. No fixation was needed. 



This was an interesting covering power system with the same mass per 

unit area of tellurium in the dark and light areas of the final image. 

Exposure produced a very finely dispersed latent image, the particles 

of which were enlarged by thermal development to give a dense black 

image. There were no nuclei in the unexposed areas, and thermal de- 

composition gave a greatly reduced number per unit area of larger 

particles of tellurium with much smaller optical absorption. 

Teaching 1959-1979 

From 1959 to 1963, Mitchell taught first- and second-year 

courses on general and engineering physics and first-year graduate 

courses on classical and statistical thermodynamics and on geometri- 

cal and physical optics. He used demonstration experiments to illus- 

trate fundamental principles wherever possible. He gave advanced 

graduate courses on classical, mathematical and X-ray crystallo- 

graphy and on solid state physics, and thoroughly enjoyed this teach- 

ing experience. There were no first- and second-year courses for 

intending physics majors, who attended engineering physics lectures, 

and he became concerned over the small number of majors, less than 

10 during each of these four years. 

On his return from England in 1964, he introduced a new three- 

semester course for physics majors with classical mechanics and 

special relativity in the first, electricity and magnetism with a 

relativistic approach to electromagnetism in the second, and atonic, 

nuclear and high-energy physics in the third semester. He used vec- 

tor methods and SI units throughout this course. Between the spring 

semester of 1965 and that of 1969, he taught four cycles of the course, 



and the number of intending physics majors increased from 18 to 

66 during this period. For the third-year students, he taught a 

course on the energetics of physical systems covering classical and 

statistical thermodynamics, and introducing the full range of inde- 

pendent variables and thermodynamic functions. He included subjects 

such as solutions, phase diagrams of alloys, phase transformations, 

and properties of matter in states of fine dispersion. For third- 

year undergraduate and first-year graduate students in physics and 

astronomy, he taught a course on geometrical, physical, and quantum 

optics. He gave these courses, together with engineering physics 

and graduate courses in crystal and solid state physics as required, 

until his retirement. 

Other activities 1959 - 1979 
Within this period, Mitchell gave many lectures at conferences 

and symposia, universities, and government and industrial research 

laboratories in the United States and in other countries. There 

was great interest during the first ten years in the work which had 

been done at Rristol on dislocations in crystals of silver halides 

and the model systems which they provided for crystals of face- 

centred-cubic metalwand silver halide emulsion microcrystals. As 

the research programme developed at Charlottesville, a gradual 

transition to lectures on the growth and plastic deformation of 

single crystals of a-phase binary and ternary alloys of the Cu-A1-  

Ni-Pd system occurred. The range of his interests is indicated by 

the following lectures and activities. 

In September 1960, he gave the introductory lecture on the com- 



parative properties of silicon and germanium, the binary 111-V, 

11-VI compounds and silver and alkali halides from the point of 

view of systematic inorganic chemistry and the periodic table at a 

symposium on the chemistry of the solid state held at a meeting of 

the American Chemical Society in New York. In ?larch 1961 he gave a 

review lecture on the direct observation of imperfections in crystals 

by optical and electron microscopy at the 90th annual meeting of the 

Metallurgical Society of AIME in St. Louis, Missouri. At an inter- 

national conference on the chemical physics of non-metallic crystals 

at Northwestern University in Evanston, Illinois, in August 1961 he 

gave a lecture on the mechanisms of equilibration of lattice defects 

in real solids. In September 1962 he qave lectures on the role of 

dislocations in photographic sensitivity and the role of chemical sen- 

sitization in photographic sensitivity at a symposium on photographic 

sensitivity in Tokyo, Japan. This was followed by a seminar on dls- 

location arrays and the growth of microcrystals in relation to photo- 

graphic sensitivity at the Ashigara Research Laboratories of the 

Fuji Photo Film Co. Ltd. In August 1966 he gave a review lecture 

on his work with J. C. Chevrier, B. J. Hockey, and J. P. Monaghan, 

Jr., on the nature and formation of bands of deformation in single 

crystals of a-phase copper-aluminium alloys at an international con- 

ference on deformation of crystalline solids in Ottawa, Canada. In 

September 1967 he gave a lecture on his work with J. S. Ahearn, Jr., 

B. J. Hockey, J. P. Monaghan, Jr., and R. K. Wild on dynamic dislo- 

cation phenomena in single crystals of a-phase copper-aluminium 

alloys at an international conference on the strength of metals and 



alloys in Tokyo, Japan. Later in September he gave a lecture on 

the use of model systems for the study of chemical sensitization at 

an international congress on photographic science in Tokyo, Japan. 

In August 1968 he was chairman of the organizing committee and an 

editor of the proceedings of the sixth international symposium on 

the reactivity of solids, held at the Knolls Research Laboratory, 

General Electric Company, Schenectady, New York. (102) 

During a sabbatical semester in 1972, he was a visiting lectur- 

er at the Department of Physics of the University of Natal at Pie- 

termaritzburg in South Africa and in August and September gave fif- 

teen lectures on general subjects, the strength of metals, plastic 

deformation of single crystals of copper alloys and physical proper- 

ties of silver halide crystals and photographic sensitivity. On his 

return journey to Charlottesville, he gave lectures on these sub- 

jects as appropriate at universities and research laboratories in 

Perth, Melbourne and Sydney in Australia, Delhi, Zurich, GGttingen, 

Paris, Oxford and Cambridge. 

In May 1977 at a symposium organized by the Academy of Sciences 

of the U.S.S.R. in honour of the 80th birthday of Professor X. V. 

Chibisov, he gave a lecture on mechanisms of chemical sensitization 

and latent image formation. In September 1977 he gave a lecture on 

his work with W. E. Nixon on thermally developable light-sensitive 

systems based on organo-tellurium compounds at an international sym- 

posium on photo- and electro-imaging in Tokyo, Japan. 

During this period he gave two critical review papers on his 

theoretical work on photographic sensitivity in March 1962 at a 

symposium on photographic processes organized by the Division of 



Physical Chemistry of the American Chemical Society in Washington, 

D.C., and in October 1966 at a colloquiu!n on the photographic inter- 

action between radiation and matter organized by the Society of 

Photographic Scientists and Engineers in Washington, D.C. In June 

1971 he gave a lecture on the properties of small clusters of atoms 

of silver and gold at a working symposium on the sizes, properties 

and reactions of latent images organized by the Society of Photo- 

graphic Scientists and Engineers in Manchester, New Hampshire. He 

was aware of developments in the field of photographic science, but 

his energies were concentrated on the study of slip processes at the 

yield point in single crystals of a-phase copper alloys. 

During the nineteen seventies, Mitchell found himself with a 

steadily decreasing amount of time available for reading, writing 

and research. This was a consequence of a substantial increase in 

the number of undergraduate students and in departmental and univer- 

sity committee assignments and other responsibilities. He retired 

in 1979 to engage in full-time study and research but continued to 

interact informally with the students. 

ACTIVE RETIREMENT 1979-1993 

Theory of photographic sensitivity 

After twenty years of researches on the plastic deformation of 

oriented single crystals of copper alloys, Mitchell was elected a 

Senior Research Fellow of the University of Virginia and returned to 

silver halide imaging science. He was convinced that the experiment- 

al work at Bristol had provided a sound basis for the photoaggregation 

theory which he had formulated between 1953 and 1958. The essential 

features of the theory had, however, been rejected during the inter- 



vening years by scientists of the Eastman Kodak Research Laborator- 

ies at Rochester, New York. ( 52) The design and interpretation of 

most of their published work with relatively insensitive model sil- 

ver halide emulsion systems was based on the direct photolysis 

theory of Gurney and Mott as modified by Hamilton. ( 50) 

As proposed in the nineteen fifties, the photoaggregation theory 

was an essentially qualitative theory. The experimental work had 

established that crystals of silver chloride and of silver bromide 

of the highest achievable purity and perfection showed negligible 

photoconductivity and were insensitive for normal photographic expos- 

ures to wavelengths longer than 400 nm with photon energies of 3 eV 

and less. ( 93 ' 24 'lo5) Thermochemical calculations with the first 

law of thermodynamics established that a minimum photon energy of 

4 eV (300 nm) was needed for the formation of a separated adsorbed 

silver atom and bromine atom at the surface of a silver bromide crys- 

tal. ('I4) It was difficult to understand how this could be disre- 

garded by Hamilton and other supporters of Gurney-Mott direct photo- 

lysis theories of latent image formation and particularly by Tani. 

According to his modified electron transfer theory of spectral sensi- 

tization, silver and halogen atoms could be liberated in high- 

purity silver bromide crystals by photons with energies between 2.5 

and 1.5 eV. This was contrary to experimental observations and 

thermodynamic considerations which demanded a photochemical process 

for the formation of the latent image by the absorption of photons 

with energies in this range. Sensitizing non-halide molecules with 

silver or gold atoms and binding energies smaller than those of the 

silver halides had to be introduced to participate in the primary 



electronic process. These could be photodissociated by lower energy 

photons than those needed for the silver halides and have occupied 

electronic energy levels in the energy gap from which electrons could 

be transferred to the conduction band following the absorption of 

photons with energies in the normal photographic range. This reason- 

ing had led to the photoaggregation theory according to which the 

latent image is formed by silver and gold atoms chemically equivalent 

to sensitizing molecules. In a modern high-speed negative emulsion, 

these are Ag,, Ag,O, Ag,S and (Ag,Au)S molecules adsorbed at the 

surfaces of the silver halide microcrystals. In this theory, the 

silver halide acts as a carrier for the sensitizing molecules which 

are involved in the primary electronic processes of latent image 

formation. It provides a transport medium for the electrons and 

interstitial cations released by photodissociation and a carrier for 

the latent image formed by their combination. It then provides the 

silver atoms of the final image by reduction in the developer, the 

initiation of which is catalysed by the latent image. Halogen mole- 

cules are not liberated at the surface during normal latent image- 

forming exposures of high-speed negative emulsions. This is consis- 

tent with the photoaggregation theory but not with the direct photo- 

lysis theories of Gurney-Mott, Hamilton and Tani. With these back- 

ground ideas, Mitchell undertook the refinement of the photoaggre- 

gation theory. (110,124) 

An essential feature of the theory which distinguished it from 

all the Gurney-Mott direct photolysis theories had been the photo- 

chemical formation of a positively charged ~ g t  latent image growth 



nucleus and concentration centre from a sensitizing Ag2 molecule by 

the addition of one Ag atom and adsorption of an ~ g +  ion. This con- 

cept had always been rejected by the proponents of the Gurney-Mott 

theories. ( In the first paper of the series, Mitchell calcu- 

lated the binding energy of an A ~ +  ion to a cluster of silver or of 

silver and gold atoms and showed that ~ g ;  was indeed the minimum 

size of a positively charged cluster which would be stable in the 

silver halide grains of a dry emulsion. (Io3) He further showed that 

this cluster would have to increase in size to ~ 9 %  by the addition 

of an Ag atom before it would provide a stable development centre 

in an aqueous medium because of the large hydration energy of the 

~ g +  ion. (104,106) 

He was next concerned with quantitative aspects of the role of 

this positively charged centre in the concentration of silver atoms 

liberated by the action of light. In Gurney-Mott theories, photo- 

electrons are displaced by a three-dimensional random walk diffusion 

process, and there is an extremely small probability for the succes- 

sive separation of silver atoms at the same site when there is a 

large number of equivalent sites. In the photoaggregation theory, 

they experience directed displacement toward the positively charged 

concentration centre. Mitchell calculated the mean drift range of a 

photoelectron during its lifetime in the radial Coulomb field of a 

centre with a unit positive charge. (lo6 ) This gave an optimum dimen- 

sion for a thin hexagonal tabular grain with a central concentration 

speck in good agreement with experiment. ( 45) 

The statistics of electron trapping processes in microcrystals 

of silver halides determine the distribution of photoelectrons be- 



tween the conduction band and shallow and deep electron trapping 

states. Using the methods of statistical thermodynamics, Mitchell 

calculated the ratio of the probability that a photoelectron would 

be found in a trapping state to the probability of its being in the 

conduction band as a function of the volune of the nicrocrystal and 

the number and depth of the electron trapping states. (109,111) He 

showed that the probability that a con6uction electron would be 

trapped at a shallow trapping state as in the Hamilton theory ( 50) 

was extremely small because of the very large density of states in 

the conduction band. A minimum trap depth was required before a 

single electron trap could be effective, and this was provided by 

the positively charged ~g' latent image centre. 
n 

The dependence of the range on the concentration of intersti- 

tial silver ions n. was calculated and found to be proportional to 
1 

n. - 2 / 3 .  This explained the observed increase in sensitivity with 
1 

decrease in concentration of interstitial silver ions. The statisti- 

cal analysis also explained the observed progressive desensitization 

of spectrally sensitized silver halide emulsion grains with increas- 

ing number of adsorbed dye molecules. 1114) If these molecules 

provide shallow trapping states, the probability that the electron 

will be in a trapping state and not in the conduction band increases 

with the number of adsorbed dye molecules. 

Mitchell now introduced the language of donor and acceptor 

centres for the discussion of the processes of chemical and spectral 
(113 ,116 ,118) 

sensitization and photochemical change in silver halide crystals. 

Donor centres were provided by adsorbed or incorporated Ag,, Ag,O, 

Ag,S and (Ag,Au)S sensitizing molecules and acceptor centres by 



t positively charged Ag,, AUA~: and Au,~g: latent image centres. There 

were many donor and few acceptor centres during the initial exposure 

of a sensitized microcrystal. According to the photoaggregation 

theory, the sensitizing donor centres are involved in the primary 

electronic processes which follow the absorption of photons with wave- 

lengths longer than 400 nm by either the silver halide or adsorbed 

dye molecules. Electrons are ejected from them with the formation of 

Ag:, Ag,0+, A~,s+ or (Ag,Au)sC centres by the decay of either intrin- 

sic or dye excitons. This results froni a three-electronic charge- 

carrier Auger process (1191121f124) involving the electron of the don- 

or centre, that of the exciton and the hole of the exciton. The 

energy released by the combination of the donor electron and the ex- 

citon hole is carried away as kinetic energy by the exciton electron. 

Back-electron transfer is prevented by the rapid dissociation of the 

positively charged donor centre by passage of a silver or gold ion 

into an interstitial position. The electron is then attracted to 

and trapped by a positively charged latent image acceptor center. 

The positive charge is restored and the trap reset by the effective 

adsorption of an interstitial silver ion. An interstitial silver ion 

then drifts from the donor to the acceptor centre to eliminate space 

charge fluctuations. The result is the transfer of a silver atom 

from a donor to an acceptor centre. This photoaggregation process 

continues until the donor centres are exhausted, but this would repre- 

sent gross overexposure of a modern high-speed negative emulsion in 

which a developable latent image is formed by the absorption of be- 

tween 4 and 25 photons by a spectrally sensitized silver halide micro- 

crystal.. 



Towards the end of this series of publications Mitchell dis- 

cussed the important role of donor and acceptor centres provided by 

polyvalent cations in lower and higher valency states in catalysing 

the photoaggregation process. (117r124) Photocatalysis occurs when 

suitable polyvalent cationic donor and acceptor centres such as Fez+ 

and Ir3+ ions are present in equimolar concentrations of the order 

of lo-' to lo-', referred to the silver halide, with molar concentra- 

t'ons of sensitizing donor centres of the order of to and 

a few latent image acceptor centres. Electrons and holes are created 

by the decay of intrinsic or of dye excitons at cationic donor and 

acceptor centres and trapped at latent image acceptor and at sensi- 

tizing donor centres with accompanying ionic processes. This results 

in the catalysed transfer of silver or gold atoms from sensitizing 

donor to latent image acceptor centres. 

Hedges and Mitchell made the first observations of dislocations 

with thin sheet crystals of silver bromide sensitized with silver 

oxide at Bristol in 1952. ( 5 5 )  Internal latent irnaqe and visible 

particles of photolytic silver formed along the dislocation lines 

during exposure. Evans and Mitchell then observed dislocations in 

microcrystals of silver bromide and rapid local dissolution at the 

points of emergence of the dislocations. ( 43) Mitchell discussed the 
(100,107) 

role of dislocations in photographic sensitivity in 1962 and 1980. 

In 1983, he published calculations of the densities and configura- 

tions of dislocations which should be introduced to relax internal 

strains associated with halide ion concentration gradients in silver 

halide microcrystals. (lo8) This work aroused little interest until 

direct observations of the dislocation configurations were made at 



liquid helium temperatures with a 1 MV transmission electron micro- 

scope in commercial high-speed tabular emulsion grains with a silver 

bromoiodide core and a silver bromide shell by scientists of the 

Fuji Photo Film Co. ( 63' The points of emergence of dislocations 

through the surface of a crystal provide sites of enhanced reactivi- 

ty during chemical sensitization. The surface latent image tends to 

be formed and chemical development initiated at these sites with 

higher probability than elsewhere on the surface. Mitchell gave a 

full account of the introduction of stable distributions of disloca- 

tions and of their role in determining the sensitivity of silver hal- 

ide microcrystals at the Symposium held in October 1990 at the Univer- 

sity of Tokyo on the occasion of the 80th birthday of Professor Shin 

Kikuchi. (122 ,123 ) 

Between 1975 and 1991, Mitchell showed in the thirty papers 

which he published that the models of the photoaggregation theory 

allowed a self-consistent discussion to be given of the whole range 
(113 ) 

of photographic phenomena. These included chemical sensitization, 
(113,114,115) 

spectral sensitization, desensitization and supersensitizatlon, 
(104,106) 

latent image formation, (103r116r1i~A the initiation of development. 

He emphasized in a number of publications that aspects of the Gurney- 

Mott direct photolysis theories as modified by Hamilton and by Tani 

are inconsistent with experimental observations and with fundamental 

thermodynamic principles, (118f 12') but they remained unconvinced. 

They claimed that their observations on latent image formation in 

relatively insensitive silver halide emulsions provided support for 

their Gurney-Mott direct photolysis models and continued to reject 

essential features of the photoaggregation theory. Mitchell respond- 



ed with detailed analysis of the rejection. 
( 51, 120) 

The Gurney-Mott models have little relevance to the design of 

high-speed negative emulsions, but very few papers on the properties 

of these emulsions have ever been published by scientists from the 

research laboratories of the photographic industry. Mitchell be- 

lieved that his publications on dislocations and photographic sensi- 

tivity and on the models of the photoaggregation theory 
(123,124) 

provided a sound basis for the design of fully competitive high-speed 

negative and direct positive emulsions. 

Other activities 1979 - 1993 
During this period, Mitchell gave many lectures on the physical, 

photochemical and chemical properties of silver halide crystals, on 

chemical sensitization, and on the nature and formation of the photo- 

graphic latent imaqe. The advances which were made in basic under- 

standing of commercial photographic systems were of great interest to 

many laboratories of the photographic industry and to the few uni- 

versities involved in photographic research. 

In July 1980, he reviewed the photoaggregation theory as it was 

at that time in a lecture at the Tokyo symposium on advances in 

photography organized by the Society of Photographic Science and 

Technology of Japan. (Io7) In September 1980, he gave lectures at the 

research laboratories of Kodak-Path6, Vincennes, Paris; Agfa-Gevaert 

AG, Leverkusen, Germany: Ciba-Geiay, Marly, Fribourg, Switzerland; 

the ~hotographisches Institut, E.T.H., Zurich, Switzerland; and at- 

tended a symposium on model investigations of the photographic pro- 

cess organized by the Bulgarian Academy of Science in Drouzhba, Varna, 



Bulgaria. 

In March and April 1981, he was a visiting professor at the 

University of Kyoto under the Research Fellowship Programme of the 

Japan Society for the Promotion of Science. He gave twelve lectures 

on the physical properties and lattice and structural imperfections 

of crystals of silver halides and on the nature, formation and de- 

velopment of the photographic latent image. During this period he 

also gave lectures at the University of Tokyo and at professional 

meetings of the societies of photographic science in Kyoto and in 

Tokyo. In May and September 1981, he gave lectures at the research 

laboratories of Agfa-Gevaert AG in Leverkusen on latent image forma- 

tion and properties and on spectral sensitization, desensitization 

and supersensitization. The quantitative theory of the concentra- 

tion process in latent image formation was worked out in May and 

June 1951 and presented in a lecture at the University of Frankfurt 

on May 21 and at an international symposium on the fundamentals 

(106) of latent image formation at Lake Placid, New York, on July 30. 

There was still interest in the work on dynamic dislocation 

phenomena in single crystals of copper alloys at 293 and 4.2 K, and 

he gave lectures on this subject in April and May at the Department 

of Metal Physics of the University of Kyoto and the Institut fcr 

Metallphysik of the University of Gottingen. In September, he re- 

viewed the Charlottesville work on the plastic deformation of single 

crystals of copper alloys in a lecture at an international symposium 

on dislocation dynamics in solid solutions held in St. Andreasburg, 

Harz, Germany. 



He gave a lecture on the concentration process in the formation 

of development centres in silver halide microcrystals in September 

1982 at the international congress of photographic science held in 
(103,113) 

Cambridge, England. He was a guest professor in the Institut 

fur Metallphysik of the Technische Universitat, Carolo-Wilhelmina, 

Braunschweig, Germany, in April 1983 and gave lectures on the plastic 

deformation of single crystals of copper alloys. In May 1983, he 

gave a lecture on the statistics of electron-trapping processes in 

microcrystals of silver halides at the University of Frankfurt. (111) 

In this lecture, the methods of statistical mechanics were used for 

the first time for the discussion of the distribution of a few photo- 

electrons between trapping states and the conduction band. The same 

subject was presented at a lecture later in the month at the 36th 

annual meeting of the Society of Photographic Scientists and Engin- 

eers in San Francisco at which Mitchell was awarded the Lieven Ge- 

vaert Medal of the Society. He gave two seminars on factors involved 

in the design of silver halide photographic emulsions for optimum 

performance at the research laboratories of Agfa-Gevaert AG, Lever- 

kusen, in June 1984 and also a lecture on spectral sensitization, 

desensitization and supersensitization at the Institut fur wissen- 

schaftliche Photographie of the Technische Universitat, Garching, 

Munich, Germany. At the international east-west symposium on the 

factors influencing photographic sensitivity in October 1984, held 

at Maui, Hawaii, he gave a lecture on the optimization of the nega- 

tive imaging silver halide photographic system. ('I2) In November 

1984, he gave a lecture on quantitative aspects of the concentration 



theory of latent image formation to the Society of Photographic Sci- 

ence and Technology of Japan in Kyoto in which he introduced the lang- 

uage of donor and acceptor centres for the first time. ( 113) 

In April 1985, he gave lectures on the formation and properties 

of the photographic latent image at the research laboratories of the 

VEB Film Fabrik, Wolfen, and on chemical and spectral sensitization 

of silver halide photographic emulsions at the Akademie der Wissen- 

schaften der DDR, Berlin-Adlershof, East Germany. He gave lectures 

on the elementary processes of the concentration theory of latent 

image formation ('I6) and on the supersensitization of spectrally 

sensitized silver halide imaging systems ('I5) in September 1986 at 

the research laboratories of Agfa-Gevaert AG, Leverkusen, Germany. 

In 1988, interest in the use of silver halide crystals as 

model systems for the study of dislocation processes was revived, 

and he gave lectures on prismatic dislocation-punching at the De- 

partment of Nuclear and Chemical Engineering of the University of 

Maryland in March and on observations of dislocations in crystals 

of silver halides at the Department of Materials Science and Engin- 

eering, Massachusetts Institute of Technology, in April. 

He presented a historical review of the direct photolysis and 

photoaggregation theories of latent image formation in May 1989 

at the 42nd annual meeting in Boston, Massachusetts, of the Society 

forImaging Science and Technology (118' and a lecture on Auger pro- 

cesses for the creation of free electrons and holes in sensitized 

crystals of silver halides in May 1990 at the 43rd annual meeting of 

the Society in Rochester, New York. (12" In October 1990, he gave a 



lecture on dislocations and photographic sensitivity at a symposium 

held on the occasion of the 80th birthdav of Professor Shin Kikuchi - 
(122,123) 

at the Sanjo Kaikan of the University of Tokyo. This was followed by 

lectures on recent advances in the theory of photographic sensitivity 

at the research laboratories of the Konica Corporation, Hino City; 

Mitsubishi Paper Mills, Ltd., Kyoto; Fuji Photo Film Co. Ltd., 

Minami-Ashigara; and at Chiba University, Chiba City, Japan. 

In May 1991 at the 44th annual meeting of the Society for Imag- 

ing Science and Technology in St. Paul, Minnesota, he compared and 

contrasted the electronic and ionic processes of the direct photoly- 

sis theories in sensitized crystals of silver halides with those of 

the photoaggregation theory. He discussed again as in 1999 ( 118) 

the areas in which problems encountered by the direct photolysis 

theories were resolved by the photoaggregation theory. Between 1983 

and 1991, Mitchell gave a series of seminars on the properties of 

silver halide photographic systems at the Photo Products Research 

Laboratory of E. I. du Pont de Nemours and Co., in Brevard, North 

Carolina. 

GENERAL INTERESTS 

Approach to teaching and research 

Mitchell had broad interests in many areas of experimental 

science. Above all, he was an experimental physicist who derived 

pleasure from teaching the fundamental concepts of physics and de- 

signing new lecture demonstration experiments to illustrate these 

concepts. In his approach, he was influenced by his close associa- 

tion over many years with Professor R. W. Pohl of the University of 



Gottingen and by discussions with Professor P. W. Bridgman (For- 

eign member of Royal Society) of Harvard University. He believed 

that it was important for undergraduate students to acquire a thor- 

ough understanding of the ideas and methods of physics, and he spent 

many hours in preparing lectures and working out problems to enhance 

this understanding. 

In final-year undergraduate and graduate teaching, his main 

interests were (1) in the energetics of physical systems - classical 
thermodynamics with the complete range of independent physical vari- 

ables and thermodynamic functions, quantum statistics and statistical 

thermodynamics, (2) in geometrical, physical and quantum optics, 

( 3 )  in classical, mathematical and X-ray crystallography, and ( 4 )  in 

the properties of crystalline solids. His courses in solid state 

physics emphasized the theory of symmetry,and the role of structural 

and systematic inorganic chemistry and the periodic table, in facili- 

tating the understanding of variations in physical properties between 

different compounds and the design of new experimental systems. He 

valued the feed-back from personal discussions with undergraduate 

and graduate students and was always available to them. 

In research work with his graduate students, he was concerned 

with establishing models for the discussion of the elementary Pro- 

cesses of physical, photochemical, and chemical change in inorganic 

crystals. His particular interests were in direct microscopic 0b- 

servations wherever possible of the processes involved in the initia- 

tion of change and in the role of lattice and structural defects in 

these processes. 



Single crystals of the highest achievable purity and perfection 

were grown for all the research work. The crystals of silver chlor- 

ide and silver bromide proved to be insensitive. After sensitiza- 

tion with silver oxide, particles of silver separated along disloca- 

tion lines during exposure, making them visible with the optical 

microscope. Dislocation arrays and the elementary processes of dis- 

location generation, displacement, and interaction were observed. 

This work was continued with oriented square-sectioned single crys- 

tals of a-phase copper alloys with four highly polished plane sur- 

faces. The object was to establish the nature of the elementary 

dislocation processes involved in initial plastic relaxation at the 

yield point. With all this experimental work, the emphasis was on 

critical experimental design focused on the elimination of secondary 

processes, artifacts, and previously unrecognized variables. The 

idealized simple physical system was realized as closely as possible 

and the classical experimental method then followed with logical suc- 

cessions of experiments and sequences of new discoveries. Many new 

experimental techniques were developed and applied to the study of 

dislocation processes in the same single crystal. This approach ap- 

plied to silver halide systems had led to many advances in knowledge 

of the elementary processes of photochemical change. 

A t  an early stage in his more theoretical work on the sensitivity 

of silver halide imaging systems, Mitchell was impressed by the com- 

plexity of the succession of physical and chemical processes involved 

from the growth of silver halide microcrystals, through chemical, 

spectral sensitization, and supersensitization to stabilization, la- 



tent image formation and development. He realized that many of the 

publications from the research laboratories of the photographic in- 

dustry were essentially irrelevant to competitive commercial prod- 

ucts and that the patent literature of photographic technology ha3 

to be carefully analysed. He came to the conclusions (1) that the 

whole sequence of processes had to be considered in the formulation 

of any models for the discussion of physical, photochemical, and chemi- 

cal change and (2) that the most useful criterion for the validity of 

the models was provided by the self-consistency of the mechanisms to 

which they led for the discussion of the successive processes. Apart 

from the formation of the latent image in dried emulsion coatings, 

these are chemical processes occurring in aqueous media. For the 

understanding of the whole system, knowledge of inorganic, organic, 

and physical chemistry was required together with crystal physics. 

Mitchell's background in these areas was evident in his publications 

on silver halide imaging science. 

Interactions with industrial research laboratories 

Mitchell shared with N. F. Mott, F.R.S., the feeling that it 

was important for some physicists of university faculties to main- 

tain close contact with scientists engaged in basic research in 

industrial laboratories. He also felt that a fraction of the grad- 

uate students should be exposed to research problems which would 

acquaint them with the type of relevant basic research which should 

be pursued in these laboratories. With this in mind, he emphasized 

the selection and design of new experimental systems, new alloys, 

and the development of new techniques for experimental work. His 



graduate students had no problems with the transition from graduate 

research to work in industrial or government laboratories. 

Between 1945 and 1991, Mitchell gave many lectures and seminars 

to scientists in industrial laboratories and discussed their research 

work with them. These included Kodak Ltd. at Harrow, Middlesex; 

Ilford Ltd. at Brentwood, Essex; the 3M Pinnacles Research Laboratory 

at Harlow, Essex; the Philips Research Laboratory in Eindhoven, 

Netherlands; the Agfa-Gevaert Research Laboratory in Leverkusen, 

Germany; the Eastman Kodak Research Laboratories in Rochester, New 

York; the Polaroid Corporation in Cambridge, Massachusetts; Du Pont 

Imaging Products in Parlin, New Jersey, Wilmington, Delaware, and 

Brevard, North Carolina; 3M Central Research Laboratories in St. Paul, 

Minnesota; Bell Telephone Laboratories in Murray Hill, New Jersey; 

the Knolls Research Laboratory of the General Electric Company in 

Schenectady, New York; Fuji Photo Film Company Ltd. at Minami-Ashi- 

gara; and Konica Corp. at Hino City, Japan. He developed close and 

enduring personal friendships with many of the scientists working in 

these laboratories. 

The organization of research in industry 

Mitchell's interactions with industrial research laboratories 

extended over more than 45 years. He had many discussions on the role 

of basic research in industry with H. Frieser, Director of the 

Research Laboratories of Agfa AG at Leverkusen and later of the Insti- 

tute for Photographic Science of the University of Munich; J. Eggert, 

former Director of Research for Agfa AG at Wolfen and later Director 

of the Photographisches Institut of the E.T.H. in Zurich; E. J. W. 



Verwey of the Philips Research Laboratories in Eindhoven; C. E. K. 

Mees, F.R.S., Director of Research of the Eastman KodaX Research 

Laboratories in Rochester, New York; C. G. Suits, Director of the 

Knolls Research Laboratory of the General ~lectric Company in Schen- 

ectady, New York; and W. Shockley of the Bell Telephone Laboratories 

in Murray Hill, New Jersey, with whom he climbed on the cliffs of 

the Shawangunks in the Catskills of New York State. These interac- 

tions and his visits to the laboratories gave him deep insight into 

the problems encountered in the organization and maintenance of 

adequate levels of basic research. From 1945 until 1965, remarkable 

advances were made in knowledge of the physics and chemistry of 

crystalline solids. A high rate of new discovery was maintained by 

creative groups of outstanding scientists and engineers in industry. 

This led to inventions which were protected by patents, to new tech- 

nologies, new products and new manufacturing operations. It contin- 

ued a period of rapid expansion in industries based on the physical 

sciences which began with the establishment of industrial research 

laboratories in the early years of the century. The directors of 

research were distinguished scientists or engineers and the activi- 

ties of the research scientists were managed by research scientists 

in an environment favorable for creative research and development. 

In the organization of the laboratory, the scientists were usually 

hired and grouped according to disciplines, and the needs of the 

company for new patents and new products were covered. With the re- 

tail demand for the new products, relatively little initial competi- 

tion, and rapid growth of the industries, financial and marketing 

problems were not dominant factors. 



This first phase of industrial research was analysed by Mitch- 

ell in the Jubilee Nemorial Lectures of the Society of Chemical 

Industry in 1965. ('01) After general approval of the area of work 

and the projects, the research was essentially self-managed by the 

scientists and engineers who devoted long hours of perseverent effort 

to it and created branching chains of new discovery and invention. 

These satisfied both the short-term and the long-term needs of the 

companies. ~etailed management of the fundamental research which 

was undertaken by these scientists was not possible and was not need- 

ed. New discoveries cannot be defined in advance and can therefore 

not be made on demand within an assigned time. 

Complex prevailing circumstances did not allow this rate of new 

discovery to be sustained. The companies expanded rapidly, and manu- 

facturing capacity for new products was provided creating a demand 

for developments and services determined by these products. The 

research laboratories expanded, but the creative ability and enthu- 

siasm of an increasing fraction of the scientists and engineers de- 

clined. Mitchell watched the developments with increasing concern. 

Around 1965, research management began to pass from scientists to 

managers with manufacturing, marketing or business administration ex- 

perience. The groups in the research laboratories were reorganized 

to reflect product areas, manufacturing operations and marketing con- 

siderations. Detailed project management of the activities of the S C ~ -  

entists and engineers was introduced with analysis and prior evalua- 

tion of projects and targeted completion times. This tended to result 

in concentration on the organization and management of short-term product 



development and of incremental improvements in current products and 

processes. Development project management could be applied to 

central and divisional "research" laboratories and overall prior- 

ities established. The unpredictable long-term basic research and 

development which leads to new inventions, new patents, and fully 

competitive new products cannot be organized in this way and was 

progressively neglected. 

This reorganization of research and development for industries 

dependent upon the physical sciences was driven by a number of fac- 

tors. Not least among these was increasing competition from over- 

seas manufacturing corporations with lower production costs. Over- 

heads increased as the business, manufacturing and marketing adminis- 

trations increased in scale, and there was ever-present pressure from 

the financial markets for short-term profitability. This resulted in 

the imposition of a short-term-profits approach on business and 

research management. 

Since this approach seldom leads to competitive new technology 

and new enterprises, as has been well established by a declining num- 

ber of new patents, smaller entrepreneurial companies, more effective 

in these respects, were acquired to provide for business expansion 

and to maintain market share. This increased the scale and diversifi- 

cation of the corporation and further accentuated the problems of cor- 

related overall management of corporate research and development. 

The organizational environment of the large corporation was often ini- 

mical to basic research, and it tended to quench the enthusiasms of 

the entrepreneurs. Attempts were often made to license recent patents 

and new technology from more competitive and innovative firms. These 

were frequently unsuccessful if the corporations had nothing to offer 

in exchange. 



Mitchell was always convinced that corporations are heavily 

handicapped if they rely on licensing patents and on acquisitions 

for business expansion and do not allow or encourage long-term basic 

research and aggressive in-house development of entirely new competi- 

tive products. For the survival of a corporation, long-term market 

share is more important than short-term profits, and this can be 

ensured only by the organization of in-house, long-term research and 

development and a'lscale of operations which makes this feasible and 

profitable. Mitchell recognized that there was an incompatibility 

between the confident, enthusiastic, uninterrupted and perseverent 

hard work needed for efficient creative activity and the management 

procedures and committee assignments of a large corporation intended 

to control .an6 na:cimize this activity. 

PERSONAL 

Three countries 

Mitchell never lost his attachment to New Zealand. Fie was very 

sensitive to natural beauty and preferred sandy beaches, rocky coast- 

lines, open country, deep valleys and high mountains to crowded cit- 

ies. He returned to New Zealand eleven times between 1945 and 1990, 

four of them with his wife after his retirement in 1979. He parti- 

cularly enjoyed South Westland with the views of the Southern Alps 

from the sea coast and their reflections in the bush-fringed lakes. 

He loved the quiet of the dripping rain forest, with its fern-draped 

trees and fern-covered floor, broken only by the songs of the bell 

birds. He lived for twenty-one years in New Zealand and then for 

twenty-four years in England. During this period, he explored the 



countryside of southern England, the Chilterns and the Cotswolds, and 

watched the sea birds around the coasts of Land's End and the Lizard 

and thence eastward to the chalk cliffs of Beachy Head. When he 

moved to Charlottesville, Virginia, in 1959, the rolling country of 

Albemarle County with pedigree cattle grazing in the fields and the 

Blue Ridge from the Shenandoah National Park to the Great Smoky Moun- 

tains replaced the country around Oxford and Bristol which he had en- 

joyed so much. The scale of everything was greatly enlarged from the 

small scales of New Zealand and England, and for the first time an 

automobile replaced a bicycle or public transport. Mitchell grew up 

in the last dominion of the British Empire, matured in the heartland, 

and then moved to the Old Dominion. This left him with deep attach- 

ments to all three hut with a certain detachment and analytical 

perspective in his thoughts on relations between them. 

Travel and vacation activity 

From the age of ten, Mitchell carried a camera with him and 

made a continuous photographic record of his travels. These covered 

many areas of the globe. He made four journeys around the world and 

seven to Japan. while in Oxford and Bristol, he traveled extensive- 

ly around Europe making walking, long bicycle and climbing trips in 

France, Belgium, Germany, Switzerland and Italy. He remembered 

with particular pleasure walking in 1953 with A. R. Reynolds of the 

English Department of the University of Bristol, along the route of 

R. L. Stevenson's T r a v e Z s  v i t h  a Donkey i n  t h e  Cevennes  from Le Monas- 

tier across the Massif Central through Le Pont de Montvert to Ales. 

Whenever he passed through Australia, he spent weekends bush-walking 



with friends in the Blue Mountains of New South Wales and the Gram- 

pians of Victoria and taking photographs of the country with the 

wild flowers, kangaroos, koalas and other animals. He also visited 

the Kruger National Park and the game parks of Natal in South Africa. 

He enjoyed the tall trees around the Pacific, the redwoods and se- 

quoias of California, the sugi or cryptomeria of Japan, the kauri 

of New Zealand and the jarrah and gums of Western Australia. Where- 

ver he went, he was interested in the rocks, birds, animals, ferns, 

plants, shrubs and trees, and he accumulated many thousands of photo- 

graphs. One of his favourite sequences of slides was Fron t h e  CoZden 

G a t e  t o  t h e  GoZden Horn through Kyoto, Nikko, Bangkok, Agra, Jaipur, 

Esphahan, Istanbul, Athens, Rome, Paris, Oxford, London, New York 

and back to San Francisco. 

Languages 

After experimental science, his main intellectual interests were 

in foreign languages, foreign affairs, and history. He was fluent 

in French, German and Italian, and his ability to converse and lec- 

ture easily in these languages was greatly appreciated from 1945 to 

1959 when many European scientists had little knowledge of spoken 

English. During this period, he translated and revised translations 

of papers and participated in discussions at many international meet- 

ings on photographic science. He had an adequate knowledqe of spoken 

Russian and Japanese and read papers on silver halide imaging science 

published in both these languages. He had a good knowledge of Japan- 

ese Kanji. He regretted that occasions for conversation in foreign 

languages with academic colleagues in Europe and Japan decreased 



steadily after 1959 as English became the universal language. 

One of Mitchell's main relaxations came from reading French, 

German, Italian and Russian literature ranging from classics, plays 

and poetry through modern novels to paperback mysteries, detective 

stories, magazines and newspapers. He was interested in the struc- 

tures of the spoken languages and had analysed the basic sentence 

patterns and worked out his own essential vocabularies. 

Frien&s and entertainment 

Mitchell had close personal friends in many countries with 

whom he kept regularly in touch by visits, cards, letters or tele- 

phone calls. These included New Zealand, Australia, South Africa, 

England, France, Belgium, Germany, Switzerland, Italy, Russia, the 

United States, Japan, China and India. He maintained contact with 

all of his graduate students who responded, and most of them became 

real friends. He enjoyed dinner parties with visiting scientists, 

friends and graduate students and had pleasure when they stayed with 

their families as house guests. He was happy to cook the meals and 

to show them Bristol, Charlottesville and the surrounding countrysides 

Marriage 

By the time he married in 1968, he had four godsons, two in 

England, one in France and one in Italy, and two goddaughters, one 

in England and one in Germany. His marriage to Jo Overstreet Long 

ended in divorce, but he continued to have a warm relationship with 

his stepdaughter, Jody Karen Long. In 1976, he married Virginia 

Jacobs Hill who was born in South Orange, New Jersey. She was the 

widow of Chester James Hill, Jr., who had been a Professor of Psych- 



ology at Lawrence University in Appleton, Wisconsin. After his 

death, she completed her degree courses at Lawrence and graduated 

with a major in French language and literature. She understood the 

problems of one whose main interests were in research and teaching 

and in the understanding of the elementary processes ofcomplex 

systems, and she gave him the love and support which he needed. 

This began a particularly productive period of his career which ex- 

tended into active retirement and during which he worked out many 

quantitative aspects of the photoaggregation theory of latent image 

formation. She typed all his papers, accompanied him on almost all 

his journeys, and together they welcomed their friends. 

Relaxation at home 

Their home in Charlottesville was comfortable with a good 

library and a well-equipped kitchen. There was an open fire in the 

living room for winter evenings. In the house, their main relaxa- 

tion came from reading, from opera, orchestral music and 

nature programs on television and from colour slides taken during 

their extensive travels around the world. Mitchell grew African 

violets, Christmas and Easter cactus and other house plants under 

fluorescent lights in the basement and had feeders for the. cardinals, 

crested tits and chickadees outside the kitchen window. 

There was a big yard with nine large oak trees and much leaf- 

raking in the autumn. The woodpeckers attacked the dead branches. 

Beds of crocus, snowdrops, daffodils, tulips and other bulbs flower- 

ed in the springtime with the azaleas and dogwoods, and there were 

day lilies during the summer. A large bed of tonatoes produced a 

good crop through the hot summer months. The garden provided plenty 

of outdoor exercise and relaxation. 
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quartz. Proc. Phys. S o c .  - 63A: 208-214, 1950. 



H. D. Keith. An X-ray study in high vacuum of the structure 

of evaporated copper films. Proc .  Phys .  S o c .  - 69B: 180-192, 1956. 

D. G. Holloway. Some experiments on the adsorption of gases on 

clean metallic surfaces. Ph.D. thesis, University of Bristol, 

March 1952. 

H. P. Elyers (research associate). The secondary emission from 

copper and silver films obtained with primary electron energies 

below 10 eV. Proc .  R. S o c .  Lond. A215: 329, 1952. - 

H. P. Myers. A simple varying capacitor method for the meas- 

urement of contact potential difference in high vacuum. 

Proe .  Phys .  S o c .  66B: 493-499, 1953. - 

E. B. Dorling. Some investigations into the structure of evap- 

orated metal films. Ph.D. thesis, University of Bristol, 

July 1953. 

J. 1 I .  Hedges. Some experiments on photographic sensitivity. 

Ph.D. thesis, University of Bristol, September 1954. 

J. C. Rivisre. Contact potential measurements on evaporated 

metal films by the Kelvin method. Ph.D. thesis, University 

of Bristol, September 1954. 

J. C. Rivisre. Contact potential difference measurements by 

the Kelvin method. Proc .  Phys .  S o c .  - 70B: 676-686, 1957. 

P. A. Schroeder. The effect of the adsorption of gases on the 

work functions of metallic surfaces. Ph.D. thesis, University 

of Bristol, April 1954. 

T. Evans. Crystal imperfections and chemical reactivity. 

Ph.D. thesis, University of Bristol, September 1955. 

P. V. McD. Clark (research associate). Development of methods 

for the production of thin sheet crystals of silver halides 

and study of their properties. 1956. 

C. C. Evans. Some further properties of evaporated copper 

films. Ph.D. thesis, University of Bristol, September 1956. 



C. G. Matthews. Contact potential measurements on evaporated 

metal films. Ph.D. thesis, University of Bristol, September 1957. 

P. B. Price (research associate). Twinning in cadmium den- 

drites, Phil. Mag. 4: 1229-1241, 1959. - 

P. B. Price. On the growth of cadmium crystals from the 

vapour. Phil. May. - 5: 473-484, 1960. 

E. Braun. Photoconductivity in crystals of silver bromide. 

Ph.9. thesis, University of Bristol, March 1959. 

J. T. Bartlett. Dislocations in silver halide crystals. 

Ph.D. thesis, University of Bristol, July 1959. 

D. J. Barber. Dislocations and plastic deformation in alkali 

halide crystals. Ph.D. thesis, University of Bristol, 

August 1959. 

K. B. Harvey. Dislocations, foreign ions and vacancies in 

sodium chloride single crystals. Ph.D. thesis, University 

of Bristol, September 1959. 

D. A. Jones. Dislocations in the silver halides. Ph.D. thesis, 

University of Bristol, October 1959. 

A. S. Parasnis. A study of silver chloride. I. Defect struc- 

ture. 11. Photochemical properties. Ph.9. thesis, University 

of Bristol, October 1959. 

H. A. Davis. A study of the plastic deformation of single crys- 

tals of sodium chloride. M.S. thesis, University of Virginia, 

August 1960. 

H. T. Hudson. The deformation of single crystals of copper and 

alloys of copper. M.S. thesis, University of Virginia, August 

1960. 

C. 14. Drum. P4echanical properties of filamentary crystals of 

refractory oxides. M.S. thesis, University of Virginia, 

June 1961. 

M. A. Lundquist. Observations on the growth of K H ~ P O U  crystals 

from aqueous solution. M.S. thesis, University of Virginia, 

June 1962. 



J. C. Crump. Electron microscope observations on single 

crystals of zinc and cadmium. M.S. thesis, University of 

Virginia, May 1962. 

H. A. Davis. The initiation of plastic deformation in single 

crystals of sodium chloride. Ph.D. thesis, University of 

Virginia, June 1962. 

H. T. Hudson. The growth and deformation of single crystals 

of sodium chloride. Ph.D. thesis, University of Virginia, 

June 1962. 

J. C. Chevrier. Mechanical properties of copper-aluminium 

alloys. E.5.S. thesis, University of Virginia, June 1962. 

T. E. Hutchinson. Studies of the deformation of thin copper 

strips with the electron microscope. Ph.D. thesis, University 

of Virginia, July 1962. 

E. E. Laufer. Growth and surface equilibration of copper 

crystals. Ph.D. thesis, February 1963. 

C. M. Drum. Growth and perfection of aluminium nitride 

crystals. Ph.D. thesis, University of Virginia, May 1963. 

C. M. Drum. Twist and axial imperfections in filamentary 

crystals of aluminium nitride, 11. J .  a p p l .  Phys. - 36, 

824-829, 1965. 

J. C. Crump. Observations of dislocation phenomena in thin 

ribbons of cadmium. Ph.D. thesis, University of Virginia, 

May 1964. 

J. C. Chevrier. The early stages of plastic deformation of 

copper-aluminium alloys in the a-phase. Ph.D. thesis, 

University of Virginia, June 1964. 

W. A. Jesser. Zinc in cadmium films. M.S. thesis, Univer- 

sity of Virginia, June 1964. 

A. C.Macdonald. Dislocation phenomena in single crystals 

of copper near the yield point. M.S. thesis, University of 

Virginia, June 1964. 



M. A. Lundquist. Supersaturated solutions: theory and experi- 

ment. Ph.D. thesis, University of Virginia, August 1965. 

J. P. Monaghan, Jr. The plastic deformation of single crystals 

of a-phase copper-aluminium alloys. M.S. thesis, University 

of Virginia, 1966. 

B. J. Hockey. The nature and formation of bands of deformation 

in single crystals of a-phase copper-aluminium alloys. Ph.D. 

thesis, University of Virginia, June 1968. 

J. S. Ahearn. The surface topography of plastically deformed 

single crystals of a-phase copper-aluminium alloys. M.S. 

thesis, University of Virginia, August 1968. 

J. P. Monaghan. Bands of deformation in single crystals of 

a-phase copper-aluminium alloys deformed in tension. Ph.D. 

thesis, University of Virginia, August 1968. 

L. F. Henry. Studies of plastic deformation in the zinc-cadmium 

and copper-aluminium alloy systems. Ph.D. thesis, University 

of Virginia, August 1969. 

H. McD. Hobgood. Plastic deformation of single crystals of 

a-phase copper aluminium alloys with [331] and 15211 axial 

orientations. M.S. thesis, University of Virginia, June 1971. 

W. E. Nixon. Composition dependence of the mechanical proper- 

ties of a-phase copper-aluminium alloys. M.S. thesis, Uni- 

versity of Virginia, June 1971. 

D. A. Taliaferro. Surface stress distributions due to 

arrays of pure edge and 60' dislocations on oblique glide 

planes. M.S. thesis, University of Virginia, June 1971. 

J. S. Ahearn. The plastic deformation of a-phase copger- 

aluminum alloys as a function of temperature and orientation 

Ph.D. thesis, University of Virginia, June 1972. 

R. B. Schwarz. Measurement of dislocation velocities in 

u-phase Cu-A1 alloys at low temperatures. Ph.D. thesis, 

University of Virginia, August 1972. 



(50) h. McD. Hobgood. Study of plastic deformation in binary and 

ternary copper alloys at low temperatures. Ph.D. thesis, 

University of Virginia, May 1974. 

(51) W. E. Nixon. The plastic deformation of single crystals of 

a-phase Cu-A1 and Cu-Ni-A1 alloys. Ph.D. thesis, University 

of Virginia, May 1974. 

(52) P. Zanzucchi. Precision lattice measurements of. single crys- 

tals of germanium and silicon. Ph.D. thesis, University of 

Virginia, August 1976. 

(53) T. N. Lovern. The role of surface and internal sources in 

the plastic deformation of a-phase copper-aluminium alloys. 

Ph.'D. thesis, University of Virginia, May 1979. 

(54) S. K. Ray. Dyliamic dislocation phenomena in single crystals 

of a-phase binary and ternary copper alloys. Ph.D. thesis, 

University of Virginia, May 1979. 



CONTRIBUTED PAPERS PRESENTED AT MEETINGS OF THE 

AMERICAN PHYSICAL SOCIETY. 

A. St. Louis, Missouri, March 25-28, 1963. 

1. J. C. Crump and J. W. Mitchell, Bull. Amer. Phys. Soc. 

8: 204 (1963). Electron microscope studies of fracture in thin - 

ribbons of Cd. 

2. C. M. Drum and J. W. Mitchell, Bull. Amer. Ph's. Soc. - 8: 

204 (1963). Axial dislocations in thin ribbons of aluminum 

nitride. 

3. E. E. Laufer and J. W. Mitchell, Bull. Amer. Phys. Soc. - 8: 

227 (1963). New observations on the thermal faceting of the 

surfaces of Cu crystals. 

4. E. Griinbaum and J. W. Mitchell, Bull. Amer. Phys. Soc. - 8: 

227 (1963). Observations on the epitaxial overgrowth of nickel 

bromide on chromic bromide. 

B. Washington, D. C., April 26-29, 1965. 

5. J. C. Chevrier and J. W. Elitchell, Bull. Amer. Phys. Soc. 

10: 453 (1965). Formation and propagation of Luders bands on - 

a-phase Cu-A1 alloy single crystals. 

6. J. C. Crump and J. W. Mitchell, Bull. Amer. Phys. Soc. - 10: 

453 (1965). Electron microscope observations of climb pheno- 

mena in thin ribbons of cadmium. 

C. Charlottesville, Virginia, Nov. 1-3, 1965. 

7. J. C. Crump and J. W. Mitchell, Bull. Amer. Phys. Soc. - 11: 

527 (1966). Observation of moir6 patterns in superimposed 

thin crystals of cadmium. 



D. Nashville, Tennessee, Dec. 1-3, 1966. 

8. J. C. Crump and J. W. Mitchell, Bull. Amer. Phys. Soc. - 11: 

837 (1966). Observations on melting in the electron microscope. 

9. L. F. Henry and J. W. Mitchell, Bull. Amer. Phys. Soc. - 11: 

837 (1966). Precipitation phenomena in cadmium zinc alloys. 

10. J. P. Monaghan, Jr., and J. W. Mitchell, Bull. Amer. Phys. 

Soc. - 11: 838 (1966). Interference nicroscope study of bands 

of deformation. 

11. B. J. Hockey and J. W. klitchell, Bull. Amer. Phys. Soc. - 11: 

839 (1966). Observations of dislocation multipoles in a-phase 

copper-aluminum alloys. 

E. Boston, Massachusetts, Feb. 26-28, 1963. 

12. J. P. Monaghan, Jr., and J. W. Mitchell, Bull. Amer. Phys. 

Soc. - 13: 247 (1968). Bands of deformation in copper-aluminum 

at room temperature. 

13. R. K. Wild and J. W. Mitchell, Bull. Amer. Phys. Soc. 13: 

247 (1968). Deformation of single crystals of a-phase copper- 

aluminum alloys at 77" K. 

14. J. S. Ahearn and J. W. Mitchell, Bull. Amer. Phys. Soc. -- 13: 

247 (1968). Fine structure of bands of deformation in single 

crystals of a-phase copper-aluminum alloys. 

15. L. F. Henry and J. W. Mitchell, Bull. Amer. Phys. Soc. 

13: 247 (1968). Initial stages of plastic deformation in - 
cadmium and cadmium-zinc alloys. 

F. Gainesville, Florida, Nov. 6-8, 1969. 

16. J. S. Ahearn and J. b7. Mitchell, Bull. Amer. Phys. Soc. - 14: 

169 (1969). Plastic deformation of a-phase Cu-A1 single crystals 

in polyslip orientations. 



17. L. F. Henry and J. Tq. Mitchell, Bull. Amer. Phys. Soc. - 14: 

169 (1969). Dislocation velocities in single crystals of 

a-phase Cu-A1 alloys at 4.2" K. 

G. Washington, D. C., April 27-30, 1970. 

18. J. S. Ahearn and J. W. Mitchell, Bull. Amer. Phys. Soc. 15: - 

575 (1970). Plastic deformation of a-phase Cu-Al-Ni single 

crystals. 

19. J. S. Ahearn, L. F. Henry, and J. W. Mitchell, Bull. h e r .  

Phys. Soc. - 15: 575 (1970). Determination of frictional stress 

and dislocation velocity in a-phase Cu-A1 sinqle crystals using 

the relaxation method. 

H. Cleveland, Ohio, March 29-April 1, 1971. 

20. J. S. Ahearn and J. W. Mitchell, Bull. Amer. Phys. Soc. 

16: 406 (1971). Plastic deformation of single crystals of Cu-AI. - 

alloys at 4.2" R .  

21. R. Schwarz and J. W. Mitchell, Bull. Amer. Phys. Soc. - 16: 

437 (1971). Strain-time analysis of relaxation processes in 

single crystals of a-phase Cu-A1 alloys. 

22. D. A. Taliaferro and J. TJ. Mitchell, Bull. Amer. Phys. Soc. 

16: 447 (1971). Surface stresses due to arrays of dislocations - 

on oblique glide planes. 

I. Atlantic City, New Jersey, March 27-30, 1972. 

23. W. E. Nixon and J. W. Mitchell, Bull. Amer. Phys. Soc. - 17: 

285 (1972). Local strain angle in heterogeneous plastic deforma- 

tion of Cu-A1 alloys. 



24. R. B. Schwarz and J. W. Mitchell, Bull. Arner. Phys. Soc. - 17: 

285 (1972). Dislocation velocity measurements at 4.2" K. 

J. San Diego, California, March 19-22, 1973. 

25. W. E. Nixon and J. PI. Mitchell, Bull. Amer. Phys. Soc. - 18: 

445 (1973). Plastic deformation of ternary copper alloys at 

low temperatures. 

K. Philadelphia, Pennsylvania, March 25-28, 1974. 

26. W. E. Nixon and. J. P:. Mitchell, Bull. h e r .  Phys. Soc. - 19: 

366 (1974). Stress pulse initiation of plastic deformation at 

4.2" K in Cu-10.5-at%-A1 alloys. 

27. H. McD. Hobgood and J. W. Mitchell, Bull. Amer. Phys. Soc. 

19: 367 (1974). Mechanical properties of ci-phase Cu-Al-Pd alloys. - 

L. San Diego, California, March 24, 1977. 

28. J. W. Mitchell, S. K. Ray, and W. E. Nixon, Bull. Amer. 

Phys. Soc. - 22: 348 (1977). Dislocation ranges in single crystals 

of a-phase Cu-A1 alloys. 

29. T. N. Lovern, W. E. Nixon, and J. W. Mitchell, Bull, Amer. 

Phys. Soc. 22: 443 (1977). Activation of internal dislocation 

sources in single crystals of a-phase Cu-A1 alloys. 

30. W. E. Nixon, S. K. Ray and J. W. Mitchell, Bull. Amer. Phys. 

Soc. - 22: 443 (1977). Dislocation generation and interaction 

processes in single crystals of a-phase Cu-A1 alloys. 

M. Washington, D. C., March 27-30, 1978. 

31. W. E. 'i:ixon, M. H. Massey, an'3 J. W. Mitchell, Bull. Amer. 

Phys. Soc. - 23: 252 (1978).  isl location generation and displace- 



ment in single crystals of Cu-10.5-at%-A1 alloy deformed in 

bending. 

32. S. K. Ray, W. E. Nixon, and J. w. Mitchell, Bull. Amer. 

Phys. Soc. - 23: 252 (1978). Yield stresses and dislocation 

velocities in single crystals of Cu-Ni-Pd alloys at 300 and 

4.2" K. 



INVITED PAPERS PRESENTED AT YEETINGS OF THE 

AMERICAN PHYSICAL SOCIETY 

Baltimore, Clarvland, ?larch 17-19, 1955. 

J. W. Flitchell, Bull. Amer. Phys. Soc. - 30: 26 (1955). 

Research on the silver halides - dislocations and other nroperties. 

Gatlinburg, Tennessee, April 7-9, 1960. 

J. Ti. Flitchell, Bull. Amer. Phvs. Soc. - 5: 440 (1960). 
The plastic deformation of crvstals of silver halides. 

Washington, D. C., April 24-27, 1961. 

J. W. Mitchell, Bull. Amer. Phys. Soc. - 6: 279 (1961). 
Interactions between dislocations in crystals of silver halides. 

Cleveland, Ohio, Nov. 23-24, 1962. 

J. W. Mitchell, Bull. Funer. Phys. Soc. - 7: 547 (1962). 
Dislocation phenomena in cadmium crvstals. 

Chattanooga, Tennessee, Nov. 5-7, 1964. 

J. W. Mitchell, Bull. Amer. Phys. Soc. - 10: 248 (1965). 

Dislocation phenomena in thin crystals of cadmium. 

Charlottesville, Virginia, Nov. 1-2, 1965. 

J. i.1. Mitchell, Bull. Amer. Phvs. Soc. - 11: 530 (1966). 

Nature and formation of Luders bands in copper alloys. 

Denver, Colorado, March 31-April 3, 1975. 

J. W. hlitchell, ~ u l l .  Amer. Phys. Soc. - 20: 443 (1975). 

The measurement of dislocation velocities at low temperatures 

.Miami Beach, Florida, November 21-23, 1977. 

J. W. Mitchell, Bull. Amer. Phys. Soc. - 22: 1245 (1977). 

Dislocation generation and multiplication processes during 

plastic deformation of ionic crvstals and metals. 



ANNUAL YEETINGS OF THE SOCIETY OF PHOTOGRAPHIC SCIENTISTS AND 

ENGINEERS WHICI! BECA?IE THE SOCIETY F03 IYAGING SCIENCE 

4ND TECHNOLOGY IN 1985 

1. Chicago, Illinois, 15-19 ?.lay, 1967. Awarded the Honorary 

Membership of the Society. 

2. Los Angeles, California, 12-16 Mav, 1969. Lecture on surface 

and space-charge distributions at the surface of a silver 

bromide crvstal in vacuum and in an aqueous medium. 

3. Rochester, New York, 9-14 May, 1982. Lecture on image forma- 

tion processes in core-shell emulsions. 

4. San Francisco, California, 31 ?Iav-3 June, 1983. Awarded the 

Lieven-Gevaert Medal of the Society. Lecture on the statis- 

tics of electron trapping processes in microcrystals of silver 

halides. 

5. Boston, Massachusetts, 21-24 Yav, 1984. Lecture on s~ectral 

sensitization and desensitization. 

6. Atlantic City, New Jersev, 12-16 Vay, 1985. Lecture on the 

supersensitization of snectral sensitizinq systems. 

7. Minneapolis, tlinnesota, 18-22 May, 1986 

8. Rochester, New Vork, 17-21 May, 1987. 

9. Arlington, ~irginia, 22-26 Yay, 1988. 

13. Boston, Massachusetts, 14-19 May, 1989. (1) Lecture on chemi- 

cal sensitization and latent image formation - a historical 
perspective. (2) Lecture at the Edgerton Symnosium on dis- 

charge tubes as light sources for hioh-speed photography. 

11. Rochester, New York, 20-25 ?lay, 1990. Lecture on Auger pro- 

cesses for the creation of free electrons and holes in sensi- 

tized crystals of silver halides. 

12. St. Paul, Yinnesota, 12-17 way, 1991. Lecture on electronic 

and ionic wrocesses in sensitized silver halide systems. 

13. Cambridge, Massachusetts, 10-14 May, 1993. Lecture on the 

silver halide photographic emulsion grain. 



DIRECT LINEAGE OF JOHN WESLEY MITCHELL 

1. William Mitchell, I. 

Born: Edinburgh, about 1599. 

Emigrated to Bermuda, 1612. 

Yarried: Elizabeth Gibbs, before 1619. 

Died: Bermuda, buried in Old Devonshire Churchyard. 

2. William Mitchell, I1 

Born: Bermuda, 1623. 

Married : 

Died: Bermuda, buried in Old Devonshire Churchyard. 

3. William Yitchell, 111. 

Born: Bermuda, 1640. 

Married : 

Died: Bermuda, buried in Old Devonshire Churchyard. 

4. John Mitchell, I. 
Son of William Mitchell, 111. 

Born: Bermuda. 

Emigrated to Dorchester County, Maryland, 1684. 

Married : 

Died: Cornersville, Dorchcster County, llaryland, 1754 

5. John Mitchell, 11. 

Born: Cornersville, 1709. 

Married: (1) Clare . . . . . 
(2) Sarah, widow of Thomas Engel, before 1762. 

Died: Cornersville, May 28, 1815; aged 106 years. 

Buried in Mitchell's Garden Cemetery near Cornersville. 



6. Reuben Mitchell. 
Son of John !,%itchell I1 and Clare Mitchell. 

Born: Cornersville, 1749. 

Yarried: Ruth Lee Williams, Awril 19, 1776. 

Died: Easton, Talbot County, Maryland, 1832. 

7. John Wesley Mitchell, I. 

Born: Easton, Yarch 10, 1791. 

Married: Nary Huhbard, January 3, 1811. 

Died: Cornersville, April 27, 1859. Buried in Mitchell's 
Garden Cemetery. 

8. John Wesley Mitchell, 11. 

Born: Cornersville, 1823. 

Married: Susan Elizabeth . . . . . 
Died: 

9. John Wesley Mitchell, 111. 

Born: Avalon, Talbot County, Plaryland, August 1851. 

Married: Wary Jane Bennett, Derbv, Connecticut, 1882 

Died: Stratford, Connecticut. 

10. John Wesley Mitchell, IV. 

Born: Derby, Connecticut, June 8, 1884. 

Married: Lucy Ruth Snowball, Waimate, South Canterbury, 
New Zealand, June 10, 1911. 

Died: Christchurch, New Zealand, April 4, 1954. 

11. John Wesley Mitchell, V. 

Born: Christchurch, New Zealand, December 3, 1913 

Married: Virginia Jacobs Hill, widow of Chester James Hill, 
Las Cruces, New Mexico, August 2, 1976. 



LINEAGE OF LUCY RUTH SNOWBALL 

1. Daniel Alport. 

Born : 

Married; Sarah Broadhouse, All Saints Church, West Bromwich, 
February 8, 1746. (Baptized in same church on 
~ecembe; 5, 1725) . 

Died: 

2. Thomas Alport. 

Baptized: All Saints Church, Nest Bronwich, Nay 21, 1749. 

Marrried: Sarah Gilbert, All Saints Church, West Bromwich, 
August 7, 1774. (Baptized July 7, 1755, and 
buried January 14, 1798, in the same church). 

Buried: St. Elary's Church, Handsworth, January 7, 1819. 

3. John Allport. 

Baptized: All Saints Church, West Bromwich, October 15, 1775. 

Married: Elizabeth Evans, Aston, October 5 ,  1799. 

Buried: St. Nary's Church, Handsworth, Plarch 13, 1804. 

4. Thomas Allport, Sr. 

Baptized: St. Mary's Church, Handsworth, October 16, 1803. 

Married: Jane Weetman, St. Peter's Church, Harbourne, Birming- 
ham, August 10, 1823. 

Died: Stoke, Nelson, Marlborough, New Zealand, October 8, 1875 
and buried in the cemetery of St. Barnabas Church, 
Stoke, with his wife who died December 1, 1875. 

5. Thomas Allport, Jr. 

Born: Winson Green, Birminqham, September 18, 1824. Baptized 
in St. Phillios Church, Birmingham (which became Birming- 
ham Cathetral in 19951, November 8, 1824. 

~arried: Rachel Vlillett, 3ichmond River, Northeast New South 
Wales, March 22, 1847. 

Died: Picton, New Zealand, February 24, 1900. Buried in the 
Picton Cemetery with his wife who died June 6, 1921. 



6. Sarah Allport. 

Born Stoke, Nelson, New Zealand, August 20, 1855 

f4arried: John Snowball, Picton, New Zealand, March 10, 1881. 

Died: Inglewood, Taranaki, New Zealand, June 3, 1895. Buried 
in Inglewood Cemetery. 

7. Lucy Ruth Snowball. 

Born: Inglewood, Taranaki, August 16, 1e87. 

Varried: John b7esley Yitchell, Waimate, South Canterhury, 
Mew Zealand, June 10, 1911. 

Died: Christchurch, New Zealand, April 5, 1979. 



LINEAGE OF RACHEL WILLETT 

1. Mewman Williat, yeoman farmer. 

Born: 

Married: Dorrithie Walker. 

Died: FJill dated November 24, 1698. 

2. Hugh Williat. 

Born : 

Xarried: Agnes Adams, Swanbourne, November 15, 1609. 

Died: Nil1 dated October 28, 1656. 

3. Hugh Williatt. 

Baptized: Leckhampstead, June 6, 1624. 

Married: Alice Tattum, at Leckhampstead, 1642 

Buried: Great Norwood, September 29, 1679. 

4. Hugh Williatt, 2nd. Tenant of Manor of Whaddon. 

Baptized: Great Norwood, Plarch 1652. 

?tarried: Bridget . . . .(who was buried at Whaddon September 
16, 1729) 

Died: Whaddon, 1713 (will proved June 11, 1713). 

5. Richard Willett. 

Baptized: Whaddon, Yay 22, 1698. 

Married: Elizabeth Barb,v, blhaddon, January 13, 1725. 

Buried: 

6. Richard Willett. 

Baptized: Iihaddon, January 9, 1736. 

Harried: Mary Daniel, Newton Longville, June 29, 1760 (Bap- 
tized in Newton Longville June 23, 1734, and buried 
in Whaddon, November 26, 17A2). 

Buried: tqhaddon, November 7, 1801. 



7. John Williatt. 

Baptized: Newton Longville, November 11, 1764 

!tarried: Sarah Turvey, October 11, 1790. (Buried in 
Shenlev February 22, 1830). 

Buried: Shenley, February 5, 1837. 

8. George Willett. 

Baptized: Shenley, September 10, 1804. 

Yarried: Sarah Maria Tompkins, 1827. (Born Calverton, Stony 
Stratford, Buckinghamshire, October 1811. Died 
Warwick, Queensland, Australia, January 11, 1902.) 

Died: Warwick, Queensland, Australia, March 9, 1883. 

9. Rachel Nillett. 

Born: About 1831. 

Baptized: Shenley, April 1, 1836. 

Married: Thomas Allnort, Pichmond River, New South Wales, 
Australia March 22, 1846. 

Died: Picton, New Zealand, June 6, 1921. 



LINEAGE OF JOHN SNOWBALL 

1. John Snowball, Prior Hall. 

Born: 1720. 

Married: Anne Maughan (Born 1730. Died March 28, 1802) 

Died: June 29, 1780. Buried Hartburn Church Yard. 

2. Cuthbert Snowball, Copperton White House. 

Born: 1753. 

Married: Mary Codling. 

Died: May 13, 1805. Buried Hartburn Church Yard. 

3. John Snowball. 

Born: 1782. 

Married: Mary Hedley (Born 1792) . 
Died: 

4a. Cuthbert Snowball, Graviston farmer. 

Born: 1821. 

T4arried: Eleanor Charlton (Born 1827. Died, Washington, North 
umberland, Chester-le-Street, June 26, 1875). 

Died: Sashington, County of Durham, August 21, 1862. 

4b. Edward Snowball, brother of Cuthbert Snowball. 

Born: White House, Capheaton, Northumberland, January 25, 1830. 

Married: Isabel Stephenson, daughter of Robert Stephenson. 

Died: Girvan, Scotland, June 1, 1911. 

5. John Snowball. 

Born: Washinqton, County of Durham, England, May 22, 1849. 

Married: (1) Sarah Allport, Picton, N e w  Zealand, Elarch 10, 1881. 

(2) Jessie Xaude Flanders (Born 1870, Clifton Hill, 
Victoria, Australia. Died October 25, 1352). 

Died: Black Rock, Sandringham, Melbourne, May 1, 1933. Buried 
in Cheltenham Cemetery, Plelbourne, Australia. 



PARTIAL LIST OF LECTURES, CONFERENCES AND OTHER 

ACTIVITIES, 1945-1959 

1947 9-10 April. Discussion of the Faraday Society on electrode 

processes held at the University of Manchester. 

5 August-9 September. Course of twelve lectures on the 

physical properties of metals, semiconductors and ionic 

solids< given at Canterburv College, Christchurch, New Zealand. 

3 September. Lecture on high-speed photography to the 

Christchurch Branch of the Royal Society of New Zealand. 

11-12 September. Three lectures on ionic solids, semiconduc- 

tors and metals at the Department of Physics, University of 

Otago, Dunedin, New Zealand. 

26 September. Lecture on cohesion in solids to the Christ- 

church Branch of the New Zealand Institute of Chemistry. 

20 October to 7 November. Course of nine lectures on the 

physics of the solid state at the University of Sydney. 

Published by C.S.I.R.O., the Commonwealth Scientific and 

Industrial Research Organization. 

23 and 30 October. Two lectures on high-speed photography 

at the National Standards Laboratory, University Grounds, Sydney. 

10-17 November. Four lectures on high-speed photography at 

the University of Melbourne. 

12 November. Lecture on the plasticity of metals at the 

Division of Tribophysics of C.S.I.R.O., University of Melbourne. 

18 November. Lecture on the photographic process to the Vic- 

toria Division of the Australian Branch of the Institute of 

Physics at the University of Plelbourne. 



1948 8-14 April. Visit to the Institute of Physics, University 

of Gottingen, Germanv. 

15-17 April. Lecture on the sensitivity of silver halide 

grains at a colloquium on photographic sensitivity held 

at the University of LiSge, Belgium. 

3 June. Introduction to a discussion on the production of 

very high vacua at a symposium on vacuum technique, Research 

Department, Metropolitan-Vickers Electrical Co. Ltd., 

Trafford Park, Manchester. 

19 July. C. E ,  K. Mees of the Eastman Kodak Research Labor- 

atories, Rochester, visited the H. H. Wills Physical Labora- 

tory- and attended a seminar on the sensitization of crystals 

of silver bromide with silver sulphide. 

8-15 September. Six lectures on experimental work with ionic 

solids in parallel with theoretical lectures by N. F. Mott 

given at a summer school on the physics of solids with 

particular reference to ionic solids, held at the H. H. Wills 

Physical Laboratory, University of Bristol. 

1-6 October. Colloquium on reactions in the solid state, held 

at the Sorbonne, University of Paris. 

9 and 25 November. Lecture on gas-filled discharge tubes as 

light sources for high-speed photography, given to the 

Xlluminating Engineering Society in London and in Glasgow. 

1949 27-28 March. Visit to the Department of Physics, University 

of Groningen, Netherlands. 

30 March. Lecture on principles underlying the design of 

semiconducting systems at the Philips Research Laboratory, 

Eindhoven, Netherlands. 



6-8 April, Lecture on the properties of silver halides 

containing traces of silver sulphide, at international con- 

ference on photographic science EidgenGsslsche Technischen 

Hochschule, Ziirich. 

12-14 April. Discussion of the Faraday Society on crystal 

growth, held at the H. H. Wills Physical Laboratory, 

University of Bristol. 

5-19 July and 17 August-7 September. Visit to Eastman Kodak 

Research Laboratories, Rochester, New York. 

19-23 July. Visit to the Knolls Research Laboratory, 

Rochester, New York. 

25-26 July. Visit to the Massachusetts Institute of Technology 

for discussions on flash discharge tubes with H. Edgerton. 

27 July. Visit to P. W. Bridgeman at the Department of Phy- 

sics, Harvard University, Cambridge, Massachusetts. 

29 July. Visit to W. Shockley, W. Brattain and J. R. Haynes 

at the Bell Telephone Laboratories, Murray Hill, New Jersey. 

1 August. Visit to National Bureau of Standards, Washington, D. C 

3 August. Visit to Naval Research Laboratory, FJashington, D. C. 

15 December. Lecture on the fundamental physics of luminescence 

to the British Institute of Radiology, London. 

1950 28-31 March. Lecture on lattice defects and latent image 

formation in silver halides at conference on fundamental mech- 

anisms of photographic sensitivity held at the H. H. Wills 

Physical Laboratory, University of Bristol. Conference organ- 

ized and volume of proceedings edited by J. W. Mitchell. 



12-14 April. Introductory paper on techniques and paper 

(with J. A. Allen) on the adsorption of gases on cooper 

films presented at a Discussion of the Faraday Society on 

Heterogeneous Catalvsis held at the University of Liverpool. 

11-14 July. Presentation of paper (with E. W. J. Mitchell) 

on work function of qermaniun at a conference on semiconduct 

ing materials, held at the University of Reading. 

1951 25 January. Lecture on the physics of semiconductors in 

the Department of Physics, University of Birmingham. 

10-17 Yarch. Series of lectures on the F-center theory of 

photographic sensitivity at the Department of Physics, 

University of Lisge, Belgium. 

19 June-20 July. Course of fourteen lectures (in French) on 

the structure and ionic and electronic properties of ionic 

solids, on reactions in solids, and on the theory of latent 

imaae formation, given while a visiting urofessor at the 

University of Strasbourg, France. 

24-29 September. Two lectures on surface conduction phenomena 

in crystals of silver halides and the nature of the sensitivity 

centers and the formation of the latent iinage in microcrystals, 

given at a colloquium on the sensitivitv of crystals and of 

photograohic emulsions, held at the University of Paris. 

1952 20-30 Play. Ten lectures on exnerimental advances, given in 

oarallel with theoretical lectures by N. F. Plott and D. Polder 

at a summer school on semiconductors and transistors held in 

the H. 13. Wills Phvsical Laboratory, University of Bristol. 



23 June-2 July. Five lectures on recent experimental advances 

in knowledge of the sil-ver halide photographic system, given 

at the Eastman Kodak Research Laboratories, Rochester, New York. 

3 July. Visit to the Knolls Research Laboratorv, General 

Electric Company, Schenedtady, for discussions with L. Apker, 

M .  Hebb and F. E. Williams. 

22-26 September. Course of ten lectures on the physics of 

semiconductors and transistors at the University of Sydney, 

organized by the Division of Physics of the National Standards 

Laboratory, University Grounds, Sydney. 

23 September. Lecture on recent experimental research on the 

nature and formation of the latent image and on photographic 

development to the New South Wales Division of the Australian 

Branch of the Institute of Physics. 

29 September-3 October. Four lectures on experimental work 

at Bristol on the properties of thin films of metals, given 

to the Division of ~ribophysics of C.S.I.R.0 at the University 

of Melbourne. 

2 October. Lecture on the photoarauhic process to the Victoria 

Division of the Australian Branch of the Institute of Physics. 

1953 13 February. Friday evening discourse on some experiments 

on photographic sensitivity at the Royal Institution, London. 

23 June. Lecture on semiconductivity, adsorntion and catalysis 

at the Gordon Research Conference on Catalvsis, New London, 

New Hampshire. 



24 July. Lecture on solid state nhysics and catalysis by 

metals, oxide semiconductors and insulating oxides at the 

Xiversi.de Laboratory of the Universal Oil Products Company, 

Chicago, Illinois. 

4 Auqust. Lecture on model experiments on chemical sensi- 

tization and latent image formation with silver halide 

crystals havinq dislocation sub-structures at the Eastman 

Kodak Research Laboratories, Rochester, New York. 

19-25 September. Lecture on a contribution to the theory of 

photographic sensitivity at the international conference 

on the science and applications of photography held in London 

on the occasion of the centenarv of the Royal Photographic 

Society. 

1954 1 February. Lecture on the photographic process at the Im- 

perial College of Science and Technology, London. 

13-17 July. Conference on defects in crvstalline solids at 

the H. H. Wills Physical Laboratory, University of Bristol, 

organized by J. W. Hitchell. Paper (with T. Evans) presented 

on crystal imperfections and chemical reactivity. 

26 July. Lecture on dislocations in crystals of silver hal- 

ides at the Institute of Physics, Universitv of Gottingen, on 

the occasion of the 70th birthday of R. W. Pohl. 

1955 14 CIarch-25 April. Lecture tour of universities, c~overnment 

and industrial laboratories in the United States of America, 

organized by the Office of Scientific Research of the Air Re- 

search and Develonment Command. 



18 rlarch. Lecture on dislocations in crystals of silver 

halides at a Division of Solid State Physics symposium at 

the s9ring meeting of the American Physical Society, Balti- 

more, Plarvland. 

17 May. Lecture on recent research on the mechanisms of 

photographic sensitivity at the British Gelatin and Glue 

Research Associa'ion, London. 

20 June-7 July. Seminars on experimental work on thin sheet 

crystals of silver halides and practical demonstrations of 

the production and application of thin sheet crystals at 

the Eastman Xodak Research Laboratories, Rochester, New York. 

13-29 September. Visits to Divisions of Tribophysics and 

of Chemical Physics of C.S.I.R.O., Melbourne, Australia. 

22 September. Lecture on recent develooments in the theory 

of the photographic process to the Victoria Division of the 

Australian Branch of the Institute of Physics, Melbourne, 

Australia. 

18 October. Lecture on crystals of silver halides delivered 

on the occasion of the award of the 11th Charles Vernon Boys 

Prize, at the Physical Societv, London. 

1956 29 March. Colloquium on the theory of latent image formation 

in sensitized crystals of silver halides at the Photographisches 

Institut, Eidgenossischen Technischen Hochschule, Zurich, 

Switzerland. 

5-6 April. Vlsit to the Research Laboratories of Agfa, 

Leverkusen, Germany. 



13 April. Lecture on the nature of ?hotographic sensitiyity 

to the Deutsche Gesellschaft fur Photogra~hie, Sektion 

wissenschaftliche Photographie, K61n, Germany, on the occa- 

sion of the 65th birthday of Professor J. Eggert. 

1 Flay. Colloquium 03 dislocation networks in crystals at 

the Cavendish Laboratory, University of Cambridge. 

10 Play. Lecture on recent advances in the theorv of photo- 

graphic sensitivitv in the Department of Physics of the 

University of Exeter. 

4-14 August. Visit to Eastman Kodak Research Laboratories, 

Rochester, New York. 

20 Auqust-5 September. Visit to the Knolls Research Labora- 

tory, General Electric Company, Schenectady, New York. 

6-8 September. Lecture on dislocations in cr,vstals of silver 

halides at the International Conference on Dislocations and 

Mechanical Properties of Crystals held at Lake Placid, New York. 

13-22 September. Visit to Physikalisches Institut, University 

of G6ttingen. 

15 September. Colloquium on dislocation networks in crystals 

at the Phvsikalisches Institut, University of Gottingen. 

24-27 September. Lecture on the sensitization of crystals 

of silver halides with sulphur compounds at the International 

Conference on Scientific Photographv in Koln, Germany. 

1 November. Lecture on dislocations in action to the 

??etallurgical Society of the University of Birmingham. 

4 December. Lecture on the nature of photographic sensitivity 

on the occasion of the award of the 11th Renwick Memorial of 

the Royal Photographic Society, London. 



1957 8-12 January, Lectures on the decoration of dislocations 

in silver and alkali halides and on the chemical sensitiza- 

tion of silver halide crystals at the University of Ghent, 

Eelgium 

17-18 May. Lecture on surface mobility on evaporated thin 

films at a discussion meeting on the Growth and Texture of 

Evaporated Films held at the Cavendish Laboratory, University 

of Cambridqe. 

1-6 July, Introductory lecture on photoaraphic sensitivity 

at the International Colloquium on Particle Photography, 

University of Strasbourg, France. 

1959 17-19 March. Conference on the Mechanical Properties of 

Whiskers and Thin Films held at the Cavendish Laboratory, 

University of Cambridge, and the Tube Investments Research 

Laboratories, Hinxton Hall, Cambridqe. 

24-23 Yarch. Three lectures on observations of dislocations 

in inorganic crystals, dislocations in crystals of silver 

halides, and on dislocations in crystals of alkali halides 

at a Vacation School on Dislocations in Xetals and Inorganic 

Crystals held at the H. H. Wills Physical Laboratory, Univer- 

sity of Bristol. 

18-22 August. Lecture on photoconductivity in crystals of 

silver bromide (with E. A. Rraun) at the International Con- 

ference on Semiconductors, University of Rochester, Rochester, 

New York. 

27-29 August. Lecture on the production of crvstals of ionic 

solids of low dislocation density at the ~nternational Con- 

ference on Crystal Growth, Cooperstown, New York. 



6-11 November. Lecture on dislocations in ionic crystals 

at the 44th National Congress of Physics, Italian Society 

of Physics, held at the Institute of Physics, University of 

Palermo, Sicily. 

18-20 December. Lecture on the creation of dislocations dur- 

ing precipitation (with A. S. Parasnis) at a Conference on 

Interfacial Phenomena organized by the Physical Society 

and held at the Cavendish Laboratory, University of Cambridge. 

1959 26 February. Colloquium on dislocations in crystals of silver 

halides, Clarendon Laboratory, University of Oxford. 

13-16 July. Four lectures on the direct observation of dis- 

locations in crystals b;i etching and decoration at a summer 

school held at the Cavendish Laboratory, University of 

Cambridge, 

31 August-1 September. Visit to gesearch Chemistry Branch, 

Atomic Energy of Canada, Ltd., Chalk River, Ontario, CAnada. 

2-4 September. Paper on precipitation reactions in crystals 

of silver and alkali halides presented at a Discussion of 

the Faraday Society on Crystal Imperfections and Reactivity 

of Solids, Queen's University, Kingston, Ontario, Canada. 

9-11 September. Introductory talk and papers cn the measure- 

ment of surface areas of thin films of copper (with J. A. 

Allen and C, C. Evans) and on the influence of the adsorption 

of oxygen on the resistivity of thin films of copper (with 

C. C. Evans) nresented at International Conference on the 

Structure and Properties of Thin Films held at Eolton Landing, 

Lake George, New York. 



14-19 September. Participation in discussions at International 

Colloquium on Scientific Photography held at the University of 

LiSge, Belgium. 

21-22 September. Lecture on observations of the role of dis- 

locations in stress-relaxation processes in crystals of sil- 

ver halides at the Philips Research Laboratories, Eindhoven, 

Netherlands. 



PARTIAL LIST OF LECTURES, CONFERENCES AND OTHER 

ACTIVITIES 1959-1979 

1960 2 April. Lecture on recent research on the deformation 

of crystals to the Chesapeake Section of the American Asso- 

ciation of Physics Teachers, Charlottesville, Virginia 

13 Mav. Colloquium on dislocation generation and propa- 

gation wrocesses during stress relaxation in silver halide 

crystals at the Department of Physics, University of Illi- 

nois, Urbana, Illinois. 

2 June. Colloquium on the plastic deformation of crystals 

of silver halides at the U. S. Naval Ordnance Laboratory, 

White Oak, Silver Spring, Maryland. 

11-16 September. Introductory lecture on the comparative 

physical progerties of silicon and germanium, 111-V, 11-VI 

compounds and silver and alkali halides, at a Symposium on 

the Chemistry of the Solid State, American Chemical Society, 

New York. 

2 December. Lecture on the catalytic chemistry of photo- 

graphic sensitivity to the Catalysis Club of Philadelphia, 

at the Club House in Chester, Pennsylvania. 

1961 1 !{arch. 3eview lecture on the direct observation of imper- 

fections in crystals by optical and electron microscopy at 

the 99th annual meeting of the Yetallurgical Societv of 

AIYE, St. Louis, Missouri. 

21-24 March. International Conference on Photoconductivity, 

Cornell Universitv, Ithaca, blew York. 

25-30 June. Dislocation processes in crystals of silver 

halides, Gordon Research Conference on Physical Yetallurgy, 

Pleridan, New Hampshire. 

27-31 August. Lecture on mechanisms of equilibration of 

lattice defects in real solids at the International Confer- 

ence on Chemical Physics of Nonmetallic Crystals, Northwest- 

ern University, Evanston, Illinois. 



13 September. Seminar on dislocations in ionic crystals 

at the Arqonne National Laboratory, Argonne, Illinois. 

13 September. Colloauium on dislocations in crystals of 

silver halides at the Northwestern Institute of Technology, 

Evanston, Illinois. 

1962 21 ?.larch. Lecture on dislocations in crystals of silver and 

alkali halides, Department of Physics, University of 

Delaware, Newark, Delaware. 

22-25 March. Introductory lecture on some aspects of the 

theory of photographic sensitivity at a Symposium on the 

Photographic Process, Division of Physical Chemistry. 

American Chemical Society, Washington, D. C. 

28-30 May. Symposium on Phvsics and Chemistry of Ceramics 

organized by Office of Naval Research at the Pennsylvania 

State University, University Park, Pennsylvania. 

23-24 July. Visit to National Standards Laboratory, 

University Grounds,Sydnev, Australia. 

25-31 July. Visits to Divisions of Tribophvsics and of 

Chemical physics of the Commonwealth Scientific and Indus- 

trial Research Oraanization, Melbourne, Australia. 

6-12 September. Lecture on hexagonal networks of linear 

imperfections in single crystals of cadmium (with J. C. 

Crump 111) at International Conference on Crystal Lattice 

Defects, Kyoto, Japan. 

14 September. Lectures on the role of dislocations in photo- 

graphic sensitivity and on the role of chemical sensitization 

in photogranhic sensitivitv at a Sym~osium on Photoqraphic 

Sensitivitv, Tokvo, Janan. 

15 September. Seminar on noble metal sensitization at the 

Ashigara Research Laboratories, Fuji Photo Film Co. Ltd., 

Ashigara, Kanagawa, Jaoan. 



17 September. Seminar on dislocation arrays and the growth 

of microcrystals of silver halides in relation to ~hotograph- 

ic sensitivity at the Ashigara Research Laboratories, Fuji 

Photo Film Co. Ltd., Ashigara, Kanaaawa, Japan. 

18 September. Visit to Institute for Solid State Physics, 

University of Tokyo, Azabu, Tokyo, Japan. 

5 December. Lecture on etching and decoration of disloca- 

tions in the study of sub-structures at a Conference on the 

Role of Sub-structures in the Elechanical Behaviour of 

Xetals organized by Air Force Systems Command, Orlando Air 

Force Base, Orlando, Florida. 

1963 17-18 January. Conference on Transoort Processes in Crystal- 

line Insulators, Princeton University, Princeton, New Jersey. 

5 February. Lecture on the roles of crystal imperfections 

and chemical sensitization in the formation of the latent 

image, Rochester Section of the Optical Society of America, 

Rochester, New York. 

18 March. Colloquium on dislocation processes in thin films 

of cadmium, Department of ?letallurgv, University of Pennsyl- 

vania, Philadelphia, Pennsylvania. 

13 May. Paper on interfacial dislocations in nickel bromide 

grown epitaxially on thin chromic bromide crystals (with 

E. Grhbaum) presented at a Conference on Single Crystal 

Films, Blue Bell, Pennsylvania. 

1963-64 1 October, 1963-31 August, 1964. Director of the National 

Chemical Laboratory, Teddington, Yiddlesex, England. 

1965 14 January. Lecture on ex~erimental work with large thin 

sheet crystals of silver halides to the Rochester Chapter 

of the Society of Photographic Scientists and Engineers, 

Rochester, New York. 

12 February. Jubilee Hemorial Lecture of the Society of 

Chemical Industry on the organization of basic research for 

the British chemical industry, delivered in Manchester, 

followed by lectures in Edinburgh and Dublin. 



8 April. Lecture on crystal structures and lattice and 

structural imperfections in crystalline solids, Department 

of Physics, T~Jashington and Lee University, Lexington, 

Virginia. 

7-8 June. Conference on Environment Sensitive Nechanical 

Behavior at Research Institute for Advanced Studies, 

Martin-Marietta Corporation, Baltimore, ?laryland. 

1966 7 April. Lecture on the strength of crystals, Department 

of Physics, Emory and Henrv University, Abingdon, Virginia. 

30 June. Colloquium on the ultimate strength of thin rib- 

bons of cadmium, Department of Physics, Georgetown Univer- 

sity, Washington, D. C. 

11-13 July. International Symposium on Reaction Mechanisms 

in Inorganic Solids, Department of Chemistry, University of 

Aberdeen. 

22-26 August. Lecture on the nature and formation of hands 

of deformation in sinale crvstals of a-phase copper-alumin- 

iurr alloys (with J. C. Chevrier, B. J. Hockey, and J. P. 

Monaghan, Jr.) at International Conference on Deformation 

of Crvstalline Solids, National Research Council of Canada, 

Ottawa, Canada. 

26-29 October. Xeview of the foundations of photographic 

theory at Colloquium on the Photographic Interaction between 

Xadiation and Matter. Societv of Photographic Scientists 

and Engineers, Washington, D. C. 

1967 9 Way. Colloquium on urecipitation processss and accompany- 

ing generation of svstems of prismatic dislocations in 

inorganic systems, Department of Phvsics, University of 

Illinois, Ilrbaba, Illinois. 

15-19 Yav. Awarded the honorary membership of the Society 

of Photographic Scientists and Engineers at the 20th annual 

meeting of the Societv in Chicago, Illinois. 

20 May. Lecture on lattice and structural imperfections 

in crystals of silver halides, Department of Phvsics, Uni- 

versity of Kansas, Lawrence, Kansas. 



20 May. Lecture on lattice and structural imperfections 

in crystals of silver halides, Department of Phvsics, 

Universitv of Kansas, Lawrence, Kansas. 

17-21 July. Lecture on plastic deformation of single 

crystals of face-centred-cubic copper alloys at Gordon 

Research Conference on Phvsical Metallurgy, Meridan, 

New Hampshire. 

4-8 September. Lecture on dynamic dislocation phenomena 

in sinqle crystals of a-phase cooper-aluminium alloys. 

(With J. S.  Ahearn, Jr., 3. J. h'ockev, J. P. i!onaqhan, Jr., 

and R .  K. Wild), International Conference on the Strength 

of Yetals and Alloys, Tokyo, Japan. 

9 September. Lecture on dislocation configurations in 

silver halide nhotoqraphic emulsion grains, Ashigara Re- 

search Laboratories, Fuji Photo Film Co. Ltd., Ashigara, 

Kanagawa, Japan. 

13 September. Lecture on the plastic deformation of 

oriented single crvstals of copper-aluminium allovs, 

Department of Phvsics, University of Tokyo, Tokvo, Japan. 

14 September. Visit to National Research Institute of 

%etals, Nakamequro, Tokyo, Japan. 

16 September. Lecture on interaction of electrons and holes 

with lattice and structural defects in crystals of silver 

halides at a Symposium on Electronic Processes in Silver 

Halide Crystals, Institute for Solid State Physics, Uni- 

versity of Tokyo, Azabu, Tokyo, Japan. 

18-20 September. Lecture on the use of model systems for 

the study of chemical sensitization at International Con- 

gress on Photographic Science, Tokvo, Janan. 

26 September. Lecture on dislocation processes during the 

early stages of the plastic deformation of sinqle crystals 

of a-phase copper-aluminium allovs. Department of Physics, 

University of Nagova, Nagoya, Janan. 



27 September. Lecture on dynam~ic dislocation phenomena 

in single crvstals of copper-aluminium alloys, Department 

of Yetal Phvsics, Universitv of Kvoto, Kyoto, Japan. 

29 September. Lecture on dislocation phenomena in single 

crystals of silver halides and a-phase copper-aluminium 

alloys at the Kvoto Technical University, Kvoto, Japan. 

9 October. Lecture on dynamic dislocation phenomena in 

single crvstals of copper-aluminium alloys, College of 

Engineerinq, Rutgers Universitv, New Brunswick, New Jersey 

19 6 8 12 January. Colloquium on the plastic deformation of 

single crystals of copper-aluminium allovs, Department of 

Physical Metallurgv, Ohio State University, Columbus, Ohio. 

25-30 August. Chairman of the Sixth International Symposium 

on the Reactivity of Solids held at the Knolls Pesearch 

Laboratory, General Electric Comuany, Schenectady, New York 

October 5. Lecture on the strenpth of metals to the Sixth 

Annual State Science Teachers Conference, Fredericksburg, 

Virqinia. 

1969 21-25 April. Conference on Fundamental Asnects of Disloca- 

tion Theory, National Bureau of Standards, Gaithersburg, 

Varyland. 

12-16 May. Lecture on surface and snace charge distribu- 

tions at the surface of a silver bromide crystal in vacuum 

and in an aqueous medium at the 22nd annual meeting of the 

Societv of Photograohic Scientists and Engineers in Los 

Angeles California. 

1970 2 February. Lecture on the role of mixed crystals of silver 

halides in the sensitivity of high-speed photographic emul- 

sions at the 3M Central Research Laboratories, St. Paul, 

Yinnesota. 

30 March. Lecture on the concentration theorv of photograph- 

ic sensitivitv at the Eastman Kodak Research 1,aboratories 

Rochester, New York. 



8-11 June. Visit to the Research Laboratories of the 

Boeing Corporation, Seattle, Washington. 

30 August-4 September. Paper on the formation of bands 

of deformation in single crystals of copper-aluminum alloys 

with polyslip orientations (with J. S. Ahearn, Jr., and 

H. XcD. Hobgood) presented at an International Conference 

on the Strength of Metals and Alloys, Asilomar, Pacific 

Grove, California. 

5-9 October. Visit to Division of Metal Physics, National 

Research Council Laboratories, Ottawa, Canada. 

1971 1-4 June. Lecture on the wroperties of small clusters of 

atoms of silver and gold at a working Symposium on the 

Sizes, Properties and Reactions of Latent Images, organized 

by the Societv of Photographic Scientists and Enqineers, 

Manchester, New Hamnshire. 

2 November. Colloquium on dislocations in single crystals 

of silver halides and copper-aluninium allovs, Department 

of Physics, Brandeis University, Waltham, Elassachusetts. 

1972 10 August-28 September. Visiting lecturer, Department 

of Physics, University of Natal, Pietermaritzburg, South 

Africa. 

General lectures 

23 August. Atmospheric electricity. (Lecture 1) 

24 August. Physical processes in thunderstorms. (Lecture 2) 

30 August. The importance of technological advances based 

on solid state physics. (Lecture 3) 

31 August. The significance of the discovery of new re- 

search systems and new materials for the physical sciences. 

(Lecture 4) 

13 September. Public lecture on the strength of metals 

and alloys. (Lecture 5 )  

The phvsical properties of silver halide 

crystals and photographic sensitivity 

8 September. Optical absorwtion, electronic and ionic 

conductivitv. (Lecture 6 )  



12.September. Lattice imperfections and photochemical 

processes. (Lecture 7 )  

13 September. Yodel systems for research in photographic 

sensitivity. (Lecture 8 ) .  

14 September. The theory of the nature and formation of 

the photographic latent image. (~ecture 9 )  

26 September. The cohesive enerqv of small clusters of 

atoms of silver, gold and palladium and its importance 

for photographic sensitivity. (Lecture 10) 

Studies of the ~lastic deformation of oriented 

sinqle crystals of copper allovs 

16 August. The production of accurately oriented single 

crystals of metals and alloys of high surface and internal 

perfection. (Lecture 11) 

23 August. The design of tensile systems, of high sensi- 

tivity stress and strain transducers, and the mounting 

of single crystals for studies of plastic deformation. 

(Lecture 12) 

30 August. Stress-strain curves for the tensile deforma- 

tion of single crystals of copper-aluminium alloys at 293 

and 4.2" K and their interpretation. (Lecture 13) 

7 September. The detailed study of the role of disloca- 

tions in relaxation processes during the tensile deforma- 

tion of single crystals of copper-aluminium alloys at 

293and4.2"K. (Lecture14). 

13 September. The mechanisms involved in the formation 

of elide bands in sinqle crystals of co~per-aluminium 

alloys. (Lecture 15) 

26 September. The high-velocity motion of dislocations 

during the discontinuous plastic deformation of single 

crystals of copper-aluminium alloys at 4.2" K. (Lecture 16) 



28-29 September. Lectures 3 and 4 at the Department of 

Physics, University of Port Elizabeth, Port Elizabeth, 

South Africa. 

7 September. Lecture 5 at the university of Natal, 

Durban, South Africa. 

19 September. Lecture on dislocations in crystals of 

silver halides at the National Physical Research Labora- 

tory, Pretoria, south Africa. 

20 September. Lecture 16 at the National Physical Research 

Laboratory. 

21 September. Lectures 3 and 4 at the Department of Physics, 

University of Nitwatersrand, Johannesburg, South Africa. 

22 September. Lecture on the dynamics of plastic deforma- 

tion processes in single crystals of copper-aluminium 

alloys at 4.2' K at the Department of Physics, University 

of Pretoria, Pretoria, South Africa. 

29 September. Lecture 10 at the Department of Chemistry, 

University of Western Australia, Perth, Australia. 

2-12 October. Lectures 11-16 at the Division of Tribo- 

physics, Commonwealth Scientific and Industrial Research 

Organization, University of Melbourne Grounds, Llelbourne, 

Australia. 

13 October. Lecture on design of new alloy systems with 

high strength and stress corrosion resistance at the 

National Standards Laboratory, Sydney, Australia 

27 October. Lecture on recent advances in experimental 

research on the plastic deformation of a-phase copper- 

aluminium alloys at the National Physical Laboratory of 

India, Delhi, India. 

2-3 November. Lectures 13 and 14 at the Department of 

Physics, Indian Institute of Technology, Kanpur, Uttar 

Pradesh, India. 



13-17 November. Four lectures on chemical and spectral 

sensitization and latent image formation with silver halide 

photographic emulsion grains at the Photographisches Insti- 

tut, Eidgenossiche Technischen Hochschule, Zurich, 

Switzerland. 

20 November-1 December. Lectures 11-16 as Gauss Pisitin? 

Professor at the Institut fur Metallphysik, University of 

Gottingen, Germany. 

4 December. Lecture on the plastic deformation of single 

crystals of a-phase copper-aluminium alloys at the Depart- 

ment of Solid State Physics, University of Paris, 

6-8 December. Two lectures on dislocation processes during 

the tensile deformation of single crystals of copper- 

aluminium alloys at 293 and 4.2" K ,  at the Department of 

Metallurgy, University of Oxford. 

11-15 December. Two lectures on the growth of single 

crystals and the initial stages of tensile deformation 

of single crystals of a-phase copper-aluminium alloys at 

293 and 4.2" K at the Cavendish Laboratory, University of 

Cambridge. 

1973 12-16 November. Six lectures on silver halide photographic 

research and metal physics to the Departments of Chemistry, 

Physics and Materials Science and Engineering, Washington 

State University, Pullman, Washington, with the titles: 

Photographic research: (1) The development of silver hal- 

ide model systems for research on photographic sensitivity. 

(2) Experimental work with silver halide model systems on 

chemical and dye sensitization and the formation and proper- 

ties of the photographic latent image. (3) Theoretical work 

on the nature and formation of the photographic latent image. 

Metal physics: (1) The production of accurately oriented 

single crystals of copper alloys of high purity and perfec- 

tion. (2) The mechanisms of plastic deformation in single 



crystals of copper-alloys. ( 3 )  Dynamic studies of dislo- 

cation phenomena in single crystals of copper alloys at 

4.2" K. 

1974 11 May. Colloquium on the measurement of dislocation 

velocities during the plastic deformation of single crystals 

of copper-aluminum alloys at 4.2" K at the Department of 

Physics, Universitly of Illinois, Urbana, Illinois. 

1975 26 February. Colloquium on experimental methods for the 

studv of dislocation processes during the initial stages 

of the plastic deformation of single crvstals of copper- 

aluminum alloys, National Bureau of Standards, Gaithersburg, 

Naryland . 
10 April. Colloquium on the measurement of dislocation 

velocities during the plastic deformation of single crystals 

of copper-aluminum alloys at 4.2" K at the Department of 

Metallurgy and Material Science, University of Pennsylvania, 

Phi1adelphi.a. 

1976 9 March. Lecture on the discovery of dislocations in 

crystals of silver halides at the Department of Physics, 

New Mexico State University, Las Cruces, New Mexico. 

1977 16-20 May. Lecture on mechanisms of chemical sensitization 

and latent inage formation at a Syn~posium on the Nature of 

the Photographic Latent Image in Silver Halide Systems in 

honour of the 80th birthday of Professor K. V. Chibisov, 

organized by the Academy of Sciences of the U.S.S.R., 

Moscow. 

26-30 September. Lecture on thermally developable light- 

sensitive systems based on organo-tellurium compounds 

(with W. E. Nixon) at International Symposium on Photo- 

and Electro-imaging, organized by Society of Photographic 

Scientists and Engineers and Society of Photo-Optical 

Instrumentation Engineers, T o k p ,  Japan. 



1-4 October. Lectures at the Departments of Photographic 

Science and Metal Physics of the University of Kyoto, 

Kyoto, Japan. 

1978 19 April. Lecture on the processes of latent image forma- 

tion and development in silver halide photographic emul- 

sions at the Department of Physics, Virginia Military 

Institute, Lexington, Virginia. 

21-25 August. International Congress on Photographic 

Science, Rochester Institute of Technology, Rochester, 

New York. 

27 October. Seminar on the processes of plastic deformation 

in single crystals of silver halides and face-centered-cubic 

copper alloys at the gartin Marietta Xesearch Laboratories, 

Baltimore, Maryland. 



PARTIAL LIST OF LECTURES, CONFERENCES AND 

OTHE3 ACTIVITIES 1979-1991 

1980 21-25 July. Lecture on the concentration theory of latent 

image formation at the Tokyo Symposium on Advances in 

Photography, Society of Photographic Science and Technol- 

ogy of Japan, Tokyo, Japan. 

16 September. Lecture on concentration specks and devel- 

opment centers, Research Laboratories, Kodak-Path6, Vin- 

cennes, Paris, France. 

18-19 September. Two lectures on the concentration theory 

of photographic sensitivity and the nature of the stable 

latent image in silver halide emulsion grains at the Re- 

search Laboratories, Agfa-Gevaert AG, Leverkusen, Germany. 

24 September. Lecture on the concentration theory of 

latent image formation, Research Laboratories, Ciba-Geigy, 

Marly, Fribourg, Switzerland. 

25-26 September. Lecture on recent progress in the theory 

of the formation of the photographic latent image, Photo- 

graphisches Institut, Eidgenossische Technischen Hochschule, 

ZGrich, Switzerland. 

29 September -3 October. Review lecture on model systems 

for research in photographic sensitivity, International 

Symposium on Model Investigations of the Photographic Pro- 

cess, Bulgarian Academy of Science, Drouzhba, Varna, 

Bulgaria. 

1981 28 January. Lecture on the concentration theorv of latent 

image formation at the Polaroid Corworation, Cambridge, 

Massachusetts. 

26 Narch-4 May. Visiting professor at the University of 

Kyoto under the Research Fellowshirr, Programme of the Japan 

Society for the Promotion of Science. Twelve lectures 

given on physical properties and lattice and structural 

imperfections of crystals of silver halides and the nature, 

formation and development of the photographic latent image. 



14 April. Lecture on dynamic dislocation phenomena in 

single crystals of copper alloys deformed at 4.2" K at 

the Department of Metal Physics, University of Kyoto. 

17 April. Lecture on the concentration theory of nhoto- 

graphic sensitivitv to the Western Branch of the Society 

of Photographic Science and Technologv of Japan, Kyoto, 

Japan. 

22 April. Lecture on the historical evolution of the 

quantitative concentration theory of latent image forma- 

tion to the Tokyo Chapter of the Society of Photographic 

Scientists and Engineers, Tokyo, Japan. 

23 April. Visit to Imaging Science and Engineering 

Laboratory, Tokyo Institute of Technology, Yokohama, Japan. 

30 April. Lecture on the discovery of dislocations and 

early researches with thin sheet crystals of silver hal- 

ides, University of Tokyo, Tokyo, Japan. 

1 May. Lecture on the formation of development centers 

in photographic emulsion grains at the University of Tokyo, 

Tokyo, Japan. 

7 Mav. Awarded Kulturpreis of the Deutsche Gesellschaft 

fur Photographie, Koln, Germanv. 

11 May. Lecture on the concentration theory of latent 

image formation in photographic emulsion grains at the Re- 

search Laboratories of Agfa-Gevaert AG, Leverkusen, Germany. 

12 May. Lecture on the formation 3nd properties of the 

stable latent image at the Research Laboratories of Agfa- 

Gevaert AG, Leverkusen, Germany. 

24-15 May. Lecture on the plastic deformation of single 

crystals of copper-aluminium alloys at 293 and 4.2' K, at 

the Institut fur Metallphysik, University of Gottingen, 

Germany. 



18-19 May. Lecture on spectral sensitization, desensitiza- 

tion and supersensitization at the Max Planck Institut fur 

Biologische Chemie, Nikolausberg, Gottinqen, Germany. 

21 May. Lecture on the quantitative theory of the concen- 

tration process, Universitv of Frankfurt, Frankfurt-am-Yain, 

Germany. 

26-31 July. Lecture on the formation of the latent image 

in whotogranhic emulsion grains, International Symposium on 

Fundamentals of Latent Image Formation, Society of Photo- 

graphic Scientists and Engineers, Lake Placid, New York. 

18 September. Lecture on the spectral sensitization, desen- 

sitization and supersensitization in silver halide systems 

at the Research Laboratory, Agfa-Gevaert AG, Leverkusen, 

Germanv. 

20-25 September. Lecture on dynamic dislocation phenomena 

in single crystals of copper-aluminium alloys at an Inter- 

national Svmposium on Dislocation Dvnamics in Solid Solutions 

sponsored by the Deutsche Gesellschaft fur Metallurgie, 

St. Andreasburg, Harz, Germany. 

1982 9-14 May. Lecture on image formation processes in core- 

shell emulsions at the 35th annual meeting of the Society 

of Photographic Scientists and Engineers, Rochester, New York. 

6-10 September. Lecture on the concentration process in 

the formation of development centers in silver halide micro- 

crystals, International Conaress of Photographic Science, 

Cambridge, England. 

1983 1 March. Lecture on the mechanisms of plastic deformation 

of copper alloy single crystals, Maryland Institute of Metals, 

Johns Hopkins university, Baltimore, Marvland. 

14 April. Lecture on the concentration urocess in the 

formation of development centers in silver halide emulsion 

grains at the Research Laboratorv, Agfa-Gevaert AG, 

Leverkusen, Germany. 



15 April. Lecture on image formation processes in concentric 

shell emulsions at the Research Laboratories, Agfa-Gevaert 

AG, Leverkusen, Germany. 

16-28 April. Guest professor, 1nstitGt fur Pfetallphysik, 

Technische Universitat, Carolo-Yilhelmina, Braunschweig, 

Germany. Lectures on the plastic deformation of single 

crystals of copper-aluminium alloys. 

29 April. Lecture on the initial stages of the plastic de- 

formation of single crystals of binary and ternary alloys 

of the Cu-Al-Ni-Pd system at the Institut fiir Metallphysik 

of the University of Gottingen, Gottingen, Germany. 

3 May. Lecture on the statistics of electron trapping pro- 

cesses in microcrystals of silver halides, Tagung der 

wissenschaftliche Photographie, University of Frankfurt, 

Frankfurt am Main, Germany. 

31 May-3 June. Awarded the Lieven Gevaert Pledal of the 

Society. Lecture on the statistics of electron trapping 

processes in microcrystals of silver halides at the 36th 

annual meeting of the Society of Photographic Scientists 

and Engineers, San Francisco, California. 

1984 22 March. Lecture on the statistics of electron trapping 

processes in crystals of silver halides, 3M Technical 

Forum, Yinnesota Wining and N.anufacturing Company, St. Paul, 

Minnesota. 

22 Xarch. The concentration process in the formation of 

development centers on silver halide microcrystals, Twin 

Cities Chapter of the Society of Photographic Scientists 

and Engineers, Minneapolis-St. Paul, Minnesota. 

20-24 May. Lecture on spectral sensitization and desensi- 

tization at the 37th annual meeting of the Society of 

Photoqraphic Scientists and Engineers, Boston, Massachusetts. 



14-15 June. Two seminars on chemical sensitization and 

the formation and properties of the photographic latent 

image at the Research Laboratories of Agfa-Gevaert NV, 

Mortsel, Belgium. 

18-19 June. Two seminars on factors involved in the design 

of silver halide photographic emulsions for optimum perform- 

ance at the Research Laboratories of Aqfa-Gevaert AG, Lever- 

kusen, Germany. 

21-22 June. Lecture on dislocation processes in the forma- 

tion of narrow bands of deformation in single crystals of 

a-phase cooper aluminium alloys, Institut fur Yetallphvsik, 

Technische Universitat, Carolo-Wilhelmina, Braunschweig, 

Germany. 

25 June. Lecture on spectral sensitization, desensitization 

and supersensitization at the Institut fur wissenschaftliche 

Photographie der Technischen Universitat, Garchinp, Munich, 

Germany. 

26 June. Lecture on quantitative aspects of the concentration 

theory of latent image formation, Deutsche Gesellschaft fur 

Photographie, Sektion Wissenschaft und Technik, ?lunich, 

Germany. 

28 October-4 November. Lecture on the optimization of the 

negative imaging silver halide photographic system at the 

International East-West Symposium on the Factors Influencing 

Photographic Sensitivity, Kaanapali, Maui, Hawaii. 

8 November. Lecture on the optimization of the silver halide 

photographic system at the Ashigara Research Laboratories, 

Fuji Photo Film Co. Ltd., Minami-Ashigara, Kanagawa, Japan. 

14 November. Lecture on quantitative aspects of the con- 

centration theory of latent image formation, Society of 

photographic Science and Technology of Japan, Kyoto, Japan. 



1985 23 April. Lecture on the formation and properties of the 

photographic latent image at the Qesearch Laboratories of 

the VEB Film Fabrik, Wolfen, East Germany. 

24 April. Lecture on chemical and spectral sensitization 

of silver halide photographic emulsions at the Akademie 

der Wissenschaften der DDR, Berlin-Adlershof. 

12-16 May. Lecture on the supersensitization of spectral 

sensitizing systems at the 38th annual meeting of the 

Society of Photoqraphic Scientists and Engineers, Atlantic 

City, New Jersev. 

1986 11-17 September. Lecture on the supersensitization of 

1,l'-diethyl-2,2'-cyanine iodide at the International Con- 

gress on Photoqraphic Science, KGln, Germany. 

1P September. Lecture on the elementary nrocesses of 

the concentration theory of latent image formation at the 

Research Laboratories of Agfa-Gevaert AG, Leverkusen, 

Germany. 

19 September. Lecture on the supersensitization of spec- 

trally sensitized silver halide imaginq systems at the 

Research Laboratories of Agfa-Gevaert AG, Leverkusen, 

Germany. 

25 Se~temher. Seminar on elementarv processes in the con- 

centration theory of latent image formation, Research 

Laboratory, Imaging Science DeFartment, E. I. du Pont de 

Nemours and Co., Wilmington, Delaware. 

1988 25 Flarch. Lecture on prismatic dislocation punching in 

crystals of silver halides at the Deuartment of Nuclear and 

Chemical Engineerinq, University of ?!aryland, College Park, 

Yaryland. 

28 April. Lecture on observations of dislocations in crys- 

tals of silver halides at the Deuartment of Materials Science 

and Engineering, Yassachusetts Institute of Technology, 

Cambridge, .Yassachusetts. 



23 August. Paper on solute pairing in solution-hardened 

binary and ternary face-centered-cubic alloys (with J. Wong, 

N. E. Nixon, and S. S. Laderman) presented at Fifth Inter- 

national EXAFS Conference, Seattle, Washington. 

1989 12 January. Lecture on chemical sensitization and latent 

image formation from the viewpoint of the emulsion chemist 

at the Brevard Research Laboratory, Photoproducts Division, 

E. I. du Pont de Nemours and Co., Brevard, North Carolina. 

14-19 Mav. (1) Lecture on chemical sensitization and 

latent image formation - a historical perspective - and 
( 2 )  Lecture at the Edgerton Symposium on discharge tubes 

as light sources for high-speed photogra~hy at the 42nd 

annual meeting of the Societv for Imaging Science and Tech- 

noloqv, Boston, Yassachusetts. 

1990 11 January. Lecture on Auqer electronic processes in 

chemically sensitized and in spectrally sensitized and 

supersensitized silver halide emulsion microcrystals at 

the Brevard Research Laboratory, E. I. du Pont de Nemours 

and Co., Brevard, North Carolina. 

28 n4arch. Lecture on the theory of the creation, diffusive 

and drift displacement, and trap~inq of electrons and holes 

in crystals of silver halides at the Brevard Research Lahora- 

tory, E. I. du Pont de Nemours and Co., Brevard, North 

Carolina. 

2 May. Lecture on the role of electronic donor and acceptor 

centers in photochemical processes in crystals of silver 

halides at the Brevard Research Lahoratory, E. I. du Pont 

de Nemours and Co., Brevard, North Carolina. 

3 Yay. Lecture on electronic processes in crystals of silver 

bromide - the positivelv charged concentration soeck, at 
the Brevard Research Lahoratory, E. I. du Pont de Nemours 

and Co., Brevard, North Caroline. 



20-25 May. Lecture on Auqer yrocesses for the creation of 

free electrons and holes in sensitized crystals of silver 

halides at the 43rd annual meetin? of the Society for Imag- 

ing Science and Technology, Rochester, New York. 

7 June. Lecture on the sensitization of silver halide photo- 

graphic emulsions with silver sulfide and silver-gold sulfide 

at the Brevard Research Laboratorv, E. I. du Pont de Nemours 

and Co., Brevard, North Carolina. 

13 Septenber. Lecture on double-, triple-, and multi-struct- 

ured silver halide microcrystals for silver halide emulsions 

at the Brevard Research Laboratorv, E. I. du Pont de Nemours 

and Co., Brevard, North Carolina. 

22 October. Lecture on dislocations and photosraphic sensi- 

tivity at a Symposium on Proposals for the Future of Silver 

Halide Photography, held on the occasion of the 80th birth- 

day of Professor Shin Kikuchi in the Sanjo Kaikan of Tokyo 

Universitv, Tokyo, Japan. 

25 October. Lecture on the photoaggregation theory of photo- 

graohic sensitivity at the Research Laboratories of Konica 

Corporation, Hino City, Japan. 

26 October. Lecture on electronic and ionic processes in 

the formation of the photographic latent image at the Depart- 

ment of Imaging Science, Chiba university, Chiba Citv, Japan. 

31 October. Lecture on Auaer nrocesses and the photoaagre- 

gation theory of uhotoaranhic sensitivity at the photoproducts 

research laboratories of Mitsubishi Paper Mills, Ltd., 

Kyoto, Japan. 

5 November. Lecture on the role of iodide ion concentration 

gradients in the controlled introduction of dislocation arrays 

in silver bromide emulsion microcrystals at the Ashigara 

Research Laboratories, Fuji Photo Film Co. Ltd., Minami- 

Ashigara, Japan. 



6 December. Lecture on spectral sensitization for the infra- 

red with silver halide photographic emulsions at the Brevard 

Research Lahoratorv, E. I. du Pont de Nemours & Co., Brevard, 

North Carolina. 

1991 6 March. Lecture on dislocations in microcrystals of silver 

halides at the Brevard Research Laboratory, E. I. du Pont 

de Nemours and Co., Brevard, North Carolina. 

12-17 May. Lecture on electronic and ionic processes in 

sensitized silver halide systems at the 44th annual meeting 

of the Society for Imaging Science and Technology, St. Paul, 

Yinnesota. 

6 June. Lecture on electronic and ionic processes in sensi- 

tized silver halide systems at the Brevard Research Laboratory, 

E. I. du Pont de Nemours and Co., Brevard, North Carolina. 

1993 10 May. Lecture on the silver halide photographic emulsion 

grain at the 46th annual meeting of the Society for ~maging 

Science, Cambridge, Massachusetts. 
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