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ABSTRACT 

This paper presents the results of measurements of the 

velocities of (1210) (0001) edge dislocations in zinc as a 

function of applied shear stress. All tests were conducted 

at room temperature on 99.999% purity zinc monocrystals. 

Dislocations were revealed by means of the Berg-Barrett x-ray 

technique. Stress pulses of microsecond duration were applied 

to the test specimens by means of a torsion testing machine. 

' 6 / 
Applied resolved shear stresses ranged from 0 to 17.2 x 10 Y 

dynes/c~and measured dislocation velocities ranged from 

40 to 700 em/sec. 

The results of this study indicate that the velocity 

of edge dislocations in the basal slip system of zinc is 
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linearly p r oportiona l to the ap p lied r e solve d shear st re ss . 

These r e sults are analyze d .in terms of the ph onon drag the ory. 

Agreement between this theory and the results reported her e is 

quite good. 

INTRODUCTION 

There has been considerable dislocation mobility dat a gathe r e d on 

various materials in recent years. The materials on which thes e measure

ments have been made are lithium fluoride (1), silicon-iron (2), sodium 

chloride (3), tungsten (4), various semi-conductor cry stals (5, 6, 7 ) , 

zinc (8), and copper (9) . The data on zinc (8) was measured over quite 

a restricted stress and velocity range due to testing equipment l imitations. 

It should be noted that all the crystals mentioned above except zinc and 

copper have either covalent or ionic bonding or have a BCC crystal 'structure. 

Dislocations in the~e materials move at velocities far less than one em / sec 

at the macroscopic yield point . However, in copper and zinc, an FCC metal 

and a HCP metal respectively, the dislocations move at velocities well 

over one em/sec at the yield point . The paucity of mobility data on FCC 

and HCP metals, materials in which the dislocations move rapidly at low 

stresses, is not due to a lack of interest in these materials but rather 

due to the lack of suitable experimental techniques for handling and 

testing these very fragile crystals . It is the scarcity of mobility data 

on these materials that prompted the work reported here. 

The studies made by Adams (8) exhibited two important facts ab out 

mobility measurements of basal dislocations in zinc; bas a l dislocation s 

move rapidly at low stresses, and the velocities obtained from ind ire ct 

stra in rat e measurements were very different from those obtained from 
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direct measurements. Thus, it was de cided to embark on an experimental 

program to make direct measurements of basal dislocation ve loc iti es as a 

function o f applied shear stress in high purity (99. 999%) , low d is location 

density zinc single crystals . 

A series of preliminary t ests s h owed t ha t the double e tc~ . technique , 

the technique successfully used in copper (9), was not suitable for these 

experiments on zinc . First, the basal dislocation density c ould not be 

reduced to a l evel where it was possible to follow the displacement of 

an individual dislocation and second, sources of large numbers of mobile 

dislocations could not be produced at selected, isolated s ites in zinc . 

If these sources could be produced, perhaps the motions of large groups 

o~ dislocations could be observed ev e n with a high background density. 

It was found that by using the Berg -Barret~ x - ray diffraction method 

for dislocation observations, both of the above mentioned problems \ver e 

avoided . Furthermore, the Berg- Barrett method yields an i mage o f the 

dislocation line as opposed to the etch technique which shows only the 

intersections of dislocations with free surfaces . Also , the x - r ay 

technique allows the determination of the Burgers vector of individual 

dislocations . Thus , the Berg- Barrett technique yields considerab ly more 

information about the dislocations being observed than does the etch 

technique. 

All tests were conducted a t room temp e rature on hi gh purity, annealed 

zinc monocrystals machined into right circular cylinders. The longitudinal 

axes of the cylinders were parallel to the crystallographic c axis and 

the ends were parallel to the basal plane . Edge dislocations were produced 

on one end of each specimen by scratching the surface with an A~Z~ J\ 

vlhisker loaded with 50 mg . The scratched surface of the specimen \vas 



glued to a loading fixture and a torsion pu lse of about 50 to 100 

microseconds duration was applied to the specimen . The final dislocation 

configuration around the scratches was observed by means of the Ber g

Barrett x - ray technique . 

TEST SPECIMEN PREPARATION 

Sing le crystals were gro~1 fr om 99 .9 99% pure zinc obtained from 

Eagle - Picher Company, Miami, Oklahoma . The crystals Here grmm in 

graphite-coaxed pyrex molds 3 . 5 em in diameter and 25 em long . The 

growth t e chnique has been described by Stofel (10). After the bulk 

crystal was removed from the pyrex mold, the orientation of the basal 

p lane Has determined by cleav ing a piece of the crystal in liquid n itrogen . 

Great care was taken to coo l and heat t he material no faster than 3°C/min 

to avoid plastic strains due to non- uniform thermal expansion . The bulk 

cry stal Has then acid cut i n to rough cyl inders with (0001) a xes and 

having at least one cleaved basal plane end. The cleaved basal plane 

of the rough cylinder was then g lued t o a block of monel alloy R405 using 

Du co c emen t . Mone l R405 alloy was u sed because its coefficient of t he r ma l 

expansion closely matches that of zinc in the basa l plane . The specimen 

was then placed in a n acid lathe similar to t ha t used in reference 10 

and turned to 1.10 em diameter . Observation surfaces of test specimens 

··were -prepared either by cleaving or acid lapping . The ac id l apped 

surfaces wer e prepared on a machine which is similar to the ac i d lathe . 

The s pe cimens we re t hen polishe d as des c r ibed in re ferenc e 11. Finished 

specimens varied in l ength from 0.97 to 1 . 3 em . 

All specimen sur faces had to be very c lean t o prevent contamination 

o f the testing surface during annealing . The specimens Her e a nnealed in 
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0 0 - 1 3 l pure hydrogen at 37 C ror ~ to 1ours . The hydro gen was pur ified by 

d if f usion through a commercially a v a ilab le palladium purification unit . 

Specimens with an acid- lapped ob servation surface we re r eady for testing 

after this anneal . However, two s epar ate annealing op e rations were 

require d during the production of a specimen with a cleaved test surface, 

the first anneal making it easie r to subsequently produce a s mooth, step-

free cleavage surface. Berg- Barrett photographs of annealed specimens 

showed only a few isolated basal dislocations inside the subgrains. The 

low dislocation density is typical of the material very near the observation 

surface and is not typical of the bulk material. This low dislocation 

density is due to the ease with vlhich dislocations near the surface can 

climb and/or cross glide out of the specimen during the anneal . 

EXPERIHENTAL TECHl.'UQUES 

Method for Producing Dislocations to be Studied 

Edge dislocations were produced by scratching the ba sal plane 

observation surface of the test specimens. Three scratches, each made 

on a diameter along the (lOlO) directions, were made on each specimen by 

an Al2.~J , whisker fastened to an arm supported by a calibrated torsion 

wire. The force on the whisker was 50 mg . The scratches were made in 

se~1ents approximately 0.050 em long with 0.008 em gaps between each 

se~ent . Subsequent Berg- Barrett photographs shmved the dislocations 

produced to be edge oriented and lying in the basal plane with (1120) 

type Burgers vectors . The orientation of the scratch on the basal plane 

relative to the crystal structure is shown in Fig . 1. 
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X-ray Technique for Observing Dislocations 

Dislocations in the basal plane were obs e rved by means of t h e Berg-

Barre tt x - ray technique as used by Armstrong and Schultz (12) for 

photographing zinc. Characteristic Co radiation from a Machlett A- 2 

diffraction tube operating at 39 KV and 9 rna -.;.;ras used. The refle cting 

planes used were the [ l0l3} . The images \vere recorded on Kodak High 

Resolution plates exposed for 6 to 8 hours. An iron filter 0 . 0025 em 

thick was placed between the specimen and film to prevent any fluorescence 

from reaching t he plate . X- rays of the wave length used are absor bed by 

zinc to the extent that only those dislocations are imaged which lie 

with i n a layer about 5 ~ below the observation surface . 

The Burgers vector of a dislocation may be determined by making use 

of the fact that a dislocation produces an image on a photographic plate 

____ ce.-d''t;--
- ------- - ------ ----·- r 'IJ .f-. -- ... /,.,. 

only when 

r! 
b n f. 0 

1"\r.,/ <f'\.'1.1 
[l] 

where b is the dislocation Burgers vector and E is the norma l to t he 

reflecting plane (13). Thus, a dislocation does not produce an image 

when i t s Burgers vector lies in the reflecting plane. 

The Bur gers vector of a given dislocation may be determined by 

finding two independent reflecting planes for which b · n = 0 . The 

dislocation Burgers vector i s then known to lie along the intersection 

of those two reflecting planes. The Burgers vectors of the dislocations 

produced by scratching were known to lie in the basal plane since the 

dislocations form no image in a (0004) reflection . The orien t a tions of 

the Bur gers vectors in the basal plane were found by determining \vhich 

[l0l3} reflection produced no contrast along the dislocation . 
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Loading Sys tem 

A t orsion impact machine developed for this work applies a single 

z ero mode tors ~ona l loading pulse of controlled durati on to t he specimen 

(14). The machine generates a 2 f..Lse c rise time Have front . The wave 

fro n t travels through a 1.10 em diameter monel rod and into the 1 . 10 em 

diameter zinc specimen, the observation surface of the specimen having 

been glued to the monel rod. The wave after passing through the s pecimen 

reflects from a free surface and unloads the specimen . Calibrated 

semiconductor strain gages were glued to the monel rod 0.150 em from the 

monel - specimen interface to monitor the stress pulse on the surface at 

that point . The loading times were varied by g lueing various lengths of 

1.15 em diameter titanium rods to the specimens . The diameter of the 

titanium was adjusted so that there was no reflection of the elastic 

wave at t h e titanium-specimen inter f ace. The method for determining 

the proper diameter was discussed by Greenman (9). The diameter of the 

zinc and monel were made the same to a void local perturbations in the 

stress state over the observation surface. This resulted in a partial 

reflection ( approx i mately 10%) of the stress wave at the interface . 

However the nearby strain gages measured the surface stress at the 

interfa ce, and that stress was read directly from the oscilloscope record. 

Glueing Technique for Fastening Specimens to Torsion Machine 

Since t he dislocation displacements were measured on the face o f the 

specimen glued to the torsion machine,. it was imperative that plastic 

strains were not introduced to that face by the glueing process or by 

differential thermal expansion . Thermal strains were avoided by glueing 

the observation surface of the specimen to monel R405, an alloy whose 
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coefficient of thermal expansion closely matches that of zinc in t he 

basal plane . 

The common glues that were tried were found to be unusable because 

the y either produced large stresses in the specimen by shrinkage, 

solidified with voids, or produced bonds which were difficult to break . 

Phenyl salicilate (salol) was found to be a satisfactory g lue if its 

large volume change upon solidification is compensated for in the 

following manner . The specimen is coa ted with a 0.01 em± 0.002 em 

thick void free seed layer of salol by spraying the surface with a solution 

of 2 gm salol in 25 ml of acetone from an artists air brush. The monel 

is separately c oated with mo lten salol and supercooled to room temperature. 

The t wo surfaces are t hen put toge ther and the seed layer nucleates the 

bond simultaneously over the entire surface to b~ glue d . The r esulting 

bond is easily parted by soaking for about 5 min in acetone . The glueing 

operation produces dislocation displacements of less than 0.002 em from 

fresh scratches . 

Experimental Procedure 

Berg- Barrett x - r ay photographs were taken of annealed and scratched 

specimens prior to testing to determine the initial dislocation 

configuration around the scratches . However, the time required to take 

the photographs was suffic~ent for the dislocations around the scratches 

to become relatively immobile, presumably due to pinning by point defects . 

Consequently , specimens were stressed in the torsion loading machine 

imnediately after scratching without t aking an initial Berg- Barrett 

photograph. The time between scratching and loading was typically about 

an hour . Berg- Barrett photographs were taken of the specimens i~~ediately 

. \ 
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afte r loading to determine t he f inal dislocation configura tion around the 

scratches . The me thod used for separating the dislocation displacements 

due to t he scratching operation from the displacement s due to the stre ss 

pulse is described in the next part of this paper . 

Th ree s pecimens were tested, one having an acid- lapped observation 

surface and two having cleaved observation surfaces. The shear stress 

on the periphery of the specimens ranged from 9.7 to 17 . 2 x 10
6 dynes/c~2 ~ 

The combined length of the specimens and titanium rods were such t ha t 

the load duration at the observation surface ( i nterface between the 

specimen and the monel bar) ranged from 47 to 94 ~sec . 

EXPERIHENTAL RESULTS 

Dislocation Displacement Measurements 

Fig . 2 shows Berg- Barrett photographs of t he dislocation arrangement 

around three scratch segments before and after testing . The t'\vO photo

graphs were no t taken from the same s pecimen for reasons stated earlier 

in this paper . 

The sign of the dislocation Burgers vectors around the scratch in 

Fig . 2a c an be deduc ed from the follov1ing argu111ent. The scratching process 

produces a shear stress in the specimen which pushes the mater ial to either 

side of the scratch . Suc h a deformation process should produce edge 

dislocations whose extra half plane of atoms extends to the free surface 

from the dislocation lines . I f the dislocations are of this sign t hey 

should move in the direction of the shea r stress applied to the surface . 

This is obser ved in Fig . 2b . There were isolated instances of motion in 

the opposite direction indicating the generation of some dislocations o f 



- 10 -

the opposite sign. 

The maximum distance of dislocat i ons from each scratch ses-ment was 

measured on the Berg- Barrett photographs . The measur ements were made a t 

every scratch segment at which the displacements v7ere meas ureable. 

Measurements were not made on scratch segments where t he dislocatior. mot ion 

appeared to be impeded by sub-boundaries. The results of these measurements 

are shown in Fig . 3 plotted as a function of radial position on t he 

specimen . \,Jithin experimental scatter, the distance of t h e dislocation 

farthest from the scratch after stres~ application is linea rly proport ional 

to radial pos ition, as indicated by the least squares fit line dra\m in 

each plot. 

The displacements plotted in Fig . 3 are t he sum of the dis plac ement 

due to scratching and the displacement due to loading . The dis placement 

due to scratching, for any given test, was taken to be the intercept with 

the displacement axis of the line drawn to represent the data in Fig. 3. 

The values so determined are con sistent with measurements made on t he 

scratched but uncontested specimen shown in Fig . 2. These value s of 

dislocation displacement due to scratching were subtracted from t he 

measured total dislocation displacements to obtain the maximum displacement 

. which occurred during the applied stres s pulse . Dislocation velocities 

were computed from these later displacement values. 

Stress and Time Measurements 

The stress pulse magnitude and duration must be known in order to 

determine dislocation velocity as a function of applied shear stress 

from the dislocation displacement measurements. Fig . 4 shows four records 

of the strain gage output for four different stress pulses. The top 
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trace in each photograph shows t he strain-time history i n t he mone l bar 

over a period o f 2 millisec wh ile the bottom trac e s hov1s t he ma i n pu l se 

in the top tra c e on an expanded time scale . The top tra c e s s how that 

only one pulse of significant amplitude is applied to the specimen. The 

record in Fig . 4a shows the sha pe of a pulse which occurs when a titan ium 

extender is glued direct ly to the monel strain gage bar without a s pecimen 

in between . The salol glue layer was made very thin to minimize effects 

of the large compliance of the salol. The titanium extender eas made 

1.15 em in diameter so t hat its torsional acoustic impedance is the same 

as the 1.10 em diameter zinc specimens. Therefore, the strain gage 

output in Fig . 4a is the same as for a zinc specimen behaving completely 

elastically fastened to the monel rod with a thin glue layer . Referring 

to the bottom trace in Fig . 4a , the stress rises within a few micros e co n ds, 

reaches a plateau with some changes in level probably due to friction in 

the tors i on machine, drops to zero, becomes slightly negative due to t h e 

acous tical mismatch bet\veen t he monel and titanium, and finally returns to 

zero . Fig . 4b shows the strain gage record from the test on specimen 29 - 23 

in which the applied torque Has the same as in Fig . 4a. The differences 

in ~hap~ b~t~~eri the p~lses in Fig . 4a and 4b are due to the large 

compliance of the thick glue l ayer used in the test shown in F i g . -4-b and 

plastic flow in the specimen . The compliance of the glue bond is proba bly 

the biggest effect . The cause of the high- frequency stress components 

in the records shown in Figs . 4c a nd 4d is not known. Th e amplitude of 

these c omponents seems to be independent of the amplitude of the input 

torque . 

The plastic strain in the specimen is small compared to the elastic 

strain as shovnl by the following argtunent . The maximum dislocation motion 
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d · 29 23 b ' 0 020 em t ..., stre >'·. o: o f' ll . < x 10?./ measure on spec~men - was a ou~ . a " -~ ~ _ -

dynes/ cm2 • 
~ Lj., 3 

If all the basal dislocation length of 2 x 10 / em/em i n the 

- 6 
crys tal moved t hat fa r the plastic strain would be 16 x 10 . The e l ast ic 

- 6 ' 
strain at that stress was 29 x 10 , . Since the dislocations in t he bulk 

crystal a re no t all mobile nor are t hey all oriented such as to be move d 

by t he maximum applied stress, t he plastic strain must be f a r smalle r 

' - 6 / 
than ll x l Ov . Therefore t he stress distribution i n t he specimen must 

very nearly approxima te t he elastic distribution, namely the shear stress 

is linearly proportional to radial position. From Fig. 3 the dislocation 

displacements are also linea r functions of radial position . Therefor~ 

since the app lied stress and the dislocation displacements are linear 

with r ad ius and since the time dependence of stress is i ndependent of 

radius, dislocation velocity is a linear function of applied shear stress. 

Since the stress pulses of Fig. 4 are not rectangular, an effective 

pulse duration and an effective stress were defined as follows. The 

dislocation displacements at any radial position are directly proportional 

to the time integral of the stress at that radius, where the integral is 

taken over the totil duration t. of the stress pulse, i . e., 
1. 

where v( t) 

K 

T( t) 

'f / r .. 

. ·eif\ 

D 

t '\ 
'.1' J v( t) dt 

0 

t ;\_ 
.1 

K (' T(t)dt 
<J. 
0 

instantaneous dislocation velocity, 

constant 

instantaneous stress, 

effective stress for a s quare pulse of duration t , 
. ' ffi 

[2] 

and t -
. / 0 \ 

the effective pulse duration \vhich is equal to the round 

trip travel time of an elastic wave through the specimen and titanium 

extender. 
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The effective stress at t he maximum radius \<JaS de t ermined fo r each 

specimen b y performing the time integr al of stress on each stress r e cord 

with a planimeter and dividing the integral by s6: Values of Teff . and 

t , are given in Table I. 
/ 0 \ 

Suecimen 

29 - 23 

29 - 14 

35- 10 

TABLE I 

6 ' 
T / ' (10 ' dynes/ cm2 ) 
,efh 

maximum 

17.3 

12.8 

9 . 7 

Dislocation Velocities 

t .. (!J. s e c) 
.. · 0 

73 

94 

Dislocation velocities 'vere calculated by dividing the dislocation 

displacement due to the load pulse by the effective pulse duration ~~ . 
' 0 '-

The dislocation velocity-stress data are plotted in F i g. 5. The ve l ocities 

were determined as described above and the associated stresses are the 

effective stresses also determine d as described above, assuming that the 

shear stress is a linear function of radius. Velocities were calculated 

' - 3/ 
only for those values of total displa cement ~ 2 x 10~ em since the 

uncertainty in the displacement due to scratching makes the relative 

error in total displacement unreasonably large for smaller values. The 

data in Fig. 5 are fitted with the straight line 

··- 5/ [ 
V = 3. 4 X 10 '- T 3] 

\ / 
where v is in em/sec and T is in dynes/em~. The scatter in the data shmVJ.l. 

in Fig . 5 is greater than can be accounted for by t he uncertainties in 
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the mea surements of stress (± 10%), 
· - 3 / 

dislocation dis p l a cement(± 2 x 10 '/ em) , 

and time (± 5%). A possible source of the scatter in t he da ta is di s c ussed 

later in this pa per . 

DISCUSSION 

Effect of Line Tension 

The line tension of a curved dislocation could inf luence the res u lts 

of this study by modifying the net force on the dislocation. A typical 

radius of curvature of the dislocations on a tested specimen is 0.018 em. 

' 6 I 

The stress re quired to maintain t h is radius is about 0 . 3 x lO':r' dynes/em?.-; 

a small stress compared to t h e applied stresses in t h is work . The radii 

of curvature of dislocations around a scratch on an untested s p ecimen 

are larger than 0 . 018 em except near the ends of the scratch segments, 

as can be seen in Fig . 2a. Therefore, the effect of dislocat ion line 

tension is negligible compared to that of the applied stresses in th~s 

work . 

Effect of Dislocation Interactions 

The stress fields of nearby dislocations can materially affect the 

stress acting on a dislocation . The disloc ations around the scratches 

were spaced about 6 x 10·..,,'1/ cm apart before testing. Non- negligible 

interaction forces b e tween the dislocations can occur at this spacing . 

However, after the tests the dislocations are much more widely spaced , 

so that interaction forces are then definitely negligible. Therefore it 

is concluded tha t the basal dislocations are spaced widely enough during 

most of their motion that interaction forces between them can be 

neglected . 
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· 3 / · Lv '. - 2 ' 
Typical forest dislocation densities are ld · ' - 10' em · i n these 

crystals. Thus the mov ing basal disloca tions intersected fores t 

dislocations every 0.01 - 0.04 em. Since forest dislocations are kno~m 

to int e ract strong ly with basal dislocations (10), such interactions· 

could be responsible for much of t he scatter in the data . 

Effect of Pinning Due to Point Defects 

The dislocation velocity at a given applied shear stress may be 

influenced by the presence of point defects in the dislocation core . The 

pinning of dislocations that occurs when specimens are aged before 

testing is probably due to the diffusion of point defects to the 

dislocations from the specimen surface . The effect of drag due to 

these defects on the data presented· in this paper cannot be assessed. 

Every attempt was made to minimize the aging time before testing to 

minimize the number of these defects. 

Comparison of This Work with PreviOus Work 

Adams (8) measured the rate of growth of basal slip bands in zinc. 

He employed c ompression stress pulses and used an etch to reveal the 

dislocations in the slip bands formed by the stress pulses. The 

dislocation velocities observed by Adams agree in magnitude with the 

velocities observed i n t he present work at comparable stress levels. 

However, scatter and the r elat ively small velocity range covered in 

Adams' data makes comparison difficult. 

Mechanisms for L i miting Dislocation Velocities 

A number of theories predict dislocation mobility by assuming that 

the dislocations move in jumps from one obstacle to the next, and t hat 
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the combined effect of thermal activation and the applied shear stress 

are required for t he dislocation to overcome the obstacle. Various 

kinds of obstacles have been treated including point de fects (15, 16) 

and forest dislocations (17). However, t h e observed linear dependence 

of dislocation velocity on stress is not predicted by any of these 

thermally activated processes. 

Another theory considers dislocation velocities to be limited by 

the interaction of the moving dislocation strain field wi t h vibrations 

of the crystal lattice. The theory has been approached in various \vays 

by Leibfried (18), Eshelby (19), Mason (20), and has recently been unified 

and extended by Lothe (21). Four different sources of dislocation drag 

have been treated: the thermoelastic effect, the core anharmonicity 

effect, the phonon viscosity effect, and the phonon scattering effect . 

According to Lothe, the thermoelastic effect is negligible in metals 

while the other three effects give rise to drag stresses of approximately 

the same magnitude . The total drag stress TD on a moving dislocation 

due to these three effects is 

. 3kT 
e is the thermal energy dens~ty, -v-; 

- 24 3 
volume per atom = lLj . . 7 x 10 em in 

[4] 

k is Boltzmann's constant; V is the 

zinc. c is the shear \vave speed 
/8\ 

' -?/ = 2.3 x 10 em/sec. Th is theory is attractive because it not only predicts 

the observed linear dislocation velocity- stress function but also predicts 

the correct order of magnitude of the constant of proportionality. 

Eq. 4 predicts 

[5] 
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~ /-

at room temperature 1vith c taken as 2. 3 x lO:f em/sec. This is to be 
/ S ·. 

compared to Eq . 3, 

_ c;/ 
v 3 . 4 X l 0 ·/ 'f , [3] 

t he experimentally determi ned relation . Considering that Eq . 4 yie~ds 

only an order of magnitude estimate of the proportionality constant , the 

agr eement between this t heory and the present experimental results is 

very good . 

Those theories 1vhich depend upon thermal activation for d i slocations 

to overcome obstacles predict that disloc a tion velocities increase with 

increasing t emperature . Hmvever, t he phonon drag theory predicts that 

dislocation velocities decrease with i ncreas i ng t emperature . The 

resu l ts of tests at d ifferent t emperatures would help greatly in 

establishing the correct mechanism . 

Compar ison of Dislocation Mob ilities in 

Zinc wi t h Mobilities in Other Mater i als 

The stress dependence of dislocation mob i l i ty i n zinc differs 

markedly from al l mater ials on which mob i l ity measurements have been 

made with the except ion of copper. This fact is il lust r ated i n F ig. 6 . 

Gree~~an (9) found tha t disloca tions in copper obey the relation 

v [ 6] 

The phonon drag the ory predicts the mob ility of dislocat ions in copper 

to be 

v 
'0)/ 

6.6 X 10 T . [7] 
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Henc e, the phonon drag theory predicts velocit~s that are approximately 

a factor of 3 too h i gh fo r zinc and a factor of 2 too high fo r copper 

at room tempe rature . Suzuki, et al. (2 2) have indirectly meas ur ed t he 

dampin g stre ss on moving dis l ocat ions in copper by int e rna l fri cti on 

techniques . These i nves tiga tors fo und t ha t the damping stress on 

dislocations in copper does increase wi th increasing temperature, 

althou gh not in t he exact manner predicted by Eq . 4 . It would be ver y 

useful and interesting to compare the r esul ts of t he present investigation 

with r esults from internal friction measurements. However, suitable 

results from internal friction me a surements on zinc are not presently 

available . 

SUMMJ._RY AND CQ_iCLUSIONS 

Basal dislocations of predominantly edge character were produced 

within a depth of about 5~ below the basal plane observation surface 

of 99.999% pure zinc crystals by con trolled scratching of the surface . 

Movement of the se dislocations on t heir glide planes was p ro duc ed by 
\ ~ , 

resolved shear stresses ranging from 0 to 17 . 2 x 108/ dyne s/cm2 applied 

to the crystal surface for loa d durations ranging from 47 to 94 ~sec. 

The distance through which the dislocations moved \vas determined from 

Berg- Bar r ett x - r ay micrographs. 

The dis l ocation velocities determined from t he dis l o ca tion movement 

and the duration of stress range d from L:-0 to 700 em/ sec and were linear l y 

proportional to t he stress. The experimental value of t he ratio of 

' 5 / 
applied r esolved shear stress to dislocation ve locity (3.4 x 10 " 

' 3 ' 
dyne sec/ em ) is in agreement , wL:hin experiment:al and theore ·tical 

' 5 / 3 
uncert a inties , with the theoretica l value of 9 x 10 Y dyne sec/em 
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d~rived from the concep t of the interaction between dislo cations a n d' the 

t hermal vibrations of the crystal lattice (phonon drag e ffect ) . 
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FIGURE CAPTIONS 

Fig. l. Schematic diagram shm·Jing the r elative orientations of a ( lO l O) 

scratch and t he possible basal Burgers vectors in the un it c e l l . 

The scratch shovm here produces edge dislocations of Burgers 

vector ± .J?
1

. 

Fig . 2. Berg- Barrett photographs of dislocations around scratch segments 

on a tested and an un tested specimen. (Two different sp e cimens. ) 

F i g. 3 . Dislocation displacement plotted against r adial position. 

Fig. 4. Four strain records; (a) = r e cord obtained with ti tanium 

extender glued direct ly to monel stra in gage bars ; (b), ( c) , 

(d) = records from tests on specimens 29-23, 29- 14, and 35 - 10, 

respectively. 

Fig. 5. Plot of measured dislocation velocity as a function of applied, 

reso lved shea r stress. 

Fig . 6 . Comparison of the mobility of dis l oca tions in various materials 

at room tempe rature. Mobility data obtained from: LiF, ref . l· 
' 

Si-Fe, ref. 2; NaCl, ref. 3; W, ref. 4; Zn, work repor ted here ; 

Cu, ref. 9. 
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