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CHARGED DISLOCATION IN ICE
I. E,t istence and Charge Density Measurement by X-ray Topography

Kazuhiko Itagak i

INTRODUCTION revealed that dislocations in ice are electrically charged.
and the possible range of the magnitude was determined.

Extensive studies on electrically charged d u b s  Theoretical calculation s of the possible contribution
t,ons in ion ic cryst als have been made. A review ..y to dielectric polarization by charged dislocations Will
Whitworth (1975) covered a wide range of topics be disc ussed in the second part of this series of reports
conc erning charged disloc ation pr ocesses ; however, and will be based on the values obtained from X~ a~tilde c ons ideration has been given to the possible ef. topographic observation. The results will indicate
fee t of mobile char ged dislocations on dielectric that polarization due to displaced dislocations under
polarization, an external electr ic field is sufficient to ex plain the

There are several investigations (Sproull 1960, well.known tar F audio frequency dielectric relaxation
Zagorulko 196,. Turner and Whitworth 1968) in~ strength of ice.
dicating that the charged dtslocations can be displaced The dielectric constant of dislocation.frce ice
by an electric field applied to a crystal. The additional between 20 Hz to 100 kHz was found to anomalously
polarization caused by the displaced charged dislocations low (less than 10, ltagaki 1978). Detailed discussions
can contribute to some of the dielectric relaxation will be given In the third part of this series, together
spectra. A brief discuteion of the contribution to with the effec t of strain on the dielectric relaxation
dielectric relaxation and the possible effect of defor. spectrum.
malion was given by the present author (Itagakh 1969, Reports on the effec t of strain upon Internal friction
Ackiey and Itagaki 1969). frandey and Biuer (1969) and other charged dislocation related phenomena such
discussed the effec t of charged dislocations on the as quasi piezoelectric effects will follow. All results
dielectric constant in their psezoelectric effect study. supported the theory that dielectr ic relaxation and in.
Their calculation for an MaO crystal, however, indicated lernal friction in the audio frequency range are caused
a very small contribution (

~a~~) to the dielectric re by moving charged dislocations within the frequency
taxation strength s,~ (~ *~~ 10~ against e 22 6) range measured.
because of the small linear charge density (2* 10 i

~
C/rn ) and because the quantity I(dislocitiov~ density)
x (segment length)2 far this crystaHographic system THEORY
is srnall (~’0.l).

Since ice belong to a different crystallographic An estimate of the charge concentration can be
system than MaCI wi th a possibly different source of made if the amplitude of vibrating charged dislocations
the charge, the contribution of polarization of displaced is measured under a known electric field. Xiiy topo~dislocations to the dielectric relaxation can be con• geaphy Is the most promising method for making direct
siderable. observations of vibrating dislocations In Ice. Electron

X-ray topographic observations described in this microscopy could not be used because ice would sub-

J 

report, which constitutes the fIrst part of a series, limate In the hl~~ vacuum. An etcls pit method would



not reveal the vibrating dislocation and the etched EXPERIMENTAL APPARATUS AND PROCEDURE
surface would affect the movement of dislocations.
The intent of the present study was to establish the Specimens u.ed In these experiments were single
charge concentration on the dislocation line by X-ray crystals produced in the Mendenhall Glacier. Conduc
topo graphy. tivity of molten water of the single crystals was about

The equation of motion of a charged dislocation 5* i~ S/rn, Indicating that the amount of Ionic lm~
under a local electric field C can be described by the purilies was very low. However, minute amount s of
fo llowing equa tion : mineral fragments were somet imes found in die melt.

water. Dislocation density was about 5* lOS/rn2. The

A L!l + .C Za I~d ’  
specimen was oriented to have a diffraction plane of
(1010) and was mounted on a holder as shown in Figure

IX 1 wIth a small amount of water. It was then sliced
without introducing strains by a hot wire cutter placed

where A z ,�2.linear mass of dislocation parallel to the (0001)plane to a thickness of about
q the displacement of any point on the 2 mm. Both su rfaces of the specimen were allowed to

dislocation sublimate under a dean air stream to reduce the thick-
8 the damping coefficient ness and to prov ide a final finish. The final thickne ss
C the line tension was generally about 0.5 mm or less. The holder was
p a the linear charge density along the dis - placed In a soc ket on a cap and mounted on a gonio-

location meter head as shown in Figure 2. Further sublimation
~ frequency of appl ied f ield, was prevented by sealing the cavity of the sample

holder with Mylar film and by placing a small amount
The solution under the boundary condition of ,p(0, r) of crushed Ice in the cavity of the goniomeler with the

q(Q, t) a o where 5~ a fl(* , t) 
~ sample. To avoid contamination, no coating was used

to prevent sublimation. Gradual sublimation was un.
a ! sin (2n.l)t* avoidable.

A . ‘0 ln.1 Q Due to the deterioration of sample conditions by
relatively rapid sublimation compared with the time

expI!(~~40)J required to experiment, attempts to establish the(2) 
Burgers vector of dislocations failed. Fukuda and

(~~~2.~~2) 2.(~i8fA )2j I4gashi (1969) observed that most of the dislocations
ln thelr ice simp4es were1(3<1l~0> type screw

where ~ the segment length dislocations. Probably the same would apply to die
a w(2n’lflC/A)t 

~ dislocations observed In the experiments described here.
5 a

~~~f l
1 t .j8/A ~~~~~~~~~ Lang diffraction topography was made using aA

Jarrell.Ash t ang camera with Norelco X-ray equipmen t.
Since the higli frequency end of the present measure- A sealed.off fine focus copper taget tube with a nickel

ment (~~102 ) is far lower than w~ (~i0 ), s~ may be K0 filter was operated at 40 kV and 10 mA. Ilford L4
approximated by nuclear emulsi on plates were used and developed with

Kodak D.19 developer at 18’C for abou t 15 m m .  A

~~~~~~~ 
(3) point source port (0.4 mm xOJ4 mm) was placed about

40 cm from the specimen and an adjustable slit (3.0
mm* 10mm) was placed S cm from the specimen.

The amplitude of vibration ,~~~ and the distance The vertical heiglst of die slit was adjusted to expose
between pinning points Q can be obtained from 

~~ die major portion of the specimen. With this con-
X- ray totioirwh of ice under a known applie4 electric 

~~~~~~ ~~~~ sharp, high contrast topoyapln
field E. Loc al field C can be cakutated from ~ were obtained with relatively short exposu~e t imes
die dielectric constant of e. C is calculated from C (30 .~ n). The waveforms applied to the electrode
* 2K,b2/ir where K, is th. energy factor for screw dl, 

~~~ 60-Hz sine wases~ and 1.1/3 Hz and
locations. The chag. concentration ia Is thus 1/30 Hz square waves. The fIeld strength ranged from

300 to 60,000 V/rn. Thee frequencies were used
~~~~ AiIII (4) because die drag and mass effects on dvi amplitude—

aid wave shapes of the vibrati ng dislocations can be

____________ _ _ _ _ _ _
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Figure l. ke sample mounted on the holder.

thermal hwces . About one-four th of the total exposure
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ of a specimen was made wi tho ut any electric field when

the 60-liz AC fi eld was applied. Onl y boat-shaped
diffus ed lines with a prominent center cor e were selected

4, as the disloca t ions vi bratin g under the elec tric f ield

I 
ll ig. ~~~ . Those lines were further confirmed by com-
paring them wi th the c wresponding lines in topographs
taken wi thou t any electric field.

Low er frequency square waves (1 . 113 Hz and 1/30
Ii,) were produced by a cam.driven microswi tc h . A
sec tored lead shutter was rotated with the cam in order
to reduce the expos ure time dur ing the negative cycle
to one.half that of the exposure time during the positive
cycle. This arrang ement made it possible to distinguish
the disloc ations vibrating under the electr ic field as
we ll as the signs of their charges (Fig. 4).

B

a
RESULTS

The measurement of length and maximum displace.
ment v of diffused segment s was required as shown in
eq 4 t o  obtain die charge density. However, when the

F ~qure 2 Ice sampli on the holder ~~~~~ n~ the dislocation density was high it was diffic ult to make

~~~~~~~~ ~ ~~~~~~ ~~~~~~~~ ,~~~~. accurate measurements. A further diff1cult~ was that
the dislocation images overlapped and smeared out when

t considerable at higher frequenc ies. No observable the higher elec tric fields were applied, wh ile the dis~
frequency effec t on v was detected within this ftc placement under the low electric fields was limited by

• quency range . the resolution and was indistinguishable from motion —

The fol lowi ng precautions were uken to ~~~~~~ 
produced by other forces. The optimum electric field

the dislocation motion under the electric field from was between 1,000 V/rn and 5,000 V/m for individual
the motion caused by the externa l mechanica l and .ations

H ’  3
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l~~urr I 1) &ocot,ons under 60-H,, 1,450- l~ 
i rn AC f ield. Arr ow, Indicate

Jt~It~ ut,On images wéth center core. (f-electric field vector, D.dlffroctlon
ICt

1 1’

.- - - k-
+pr~~.

1mm 4
Figure 4. Boot-shaped shadow of vitwating dislocation showi~ between two
~ ‘rows Note left side ~~ *er than ri~ st side. Exposur e during the f ~Wd
direction .f is one.lralf of that of the f ield direction .r. FIe ld strength Is
2,950 V/rn . Fre Qoency Is Ff 30- I l ,  square wow. Dlff r ectlon vector Is 0.
P ’mnlng po ints ~ r the mrerwrrn,vu of d~*er o.j t!irres sd ~ e Indicated by
op en circlet vi,,~~ Is the distance between arrows

4
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a’ i~xerr S. Straight dislocations under a high efri rrri (leld that do not
,t’rjti’ while u,wd dislocation lines show ifrarion (16,CWX) rn

I I I H, iquaf V

Bundles of dislocations became mobil e under higher dislocation is an edge dislocation of one Burgers vc’c
electr ic fiel ds in sonic cases ( 54 ,000 V - rn ) ,  In I igure tor ri length that has a dang ling bond wi th i t (Glen

~ straight , thirp, w el l-defined dislo,,.itiiin~ indica ted no 19611). Protons on the dang ling bond may be the source
obsersabk motion f~’r fi eld str ength up to 16 ,000 V - rn , of charg e . t )cnstts of kinks is a function of angle be-
but the cur ve d lines w ere observed to have bc-en v i -  t ween the dish - cation and crystallogr aphic dir ections.
briling within this range of electr ic fi eld. Presumably Therefor e, the charge density inc r eases as the ang le in~
these dislocations were trapped in the Peierls trou gh creases , it th is mechanism is the source of charge .
(see Dlecus,Jcø). Measurements were made on only Ther e are several probl ems in estimating the local
the segmen ts which con f ormed i i  the following st an- f ield. An assumed va lue for the dielectri c cons tant
d.ards does not allow acc urate calculation of the local f ield

I Length and amplitud e of the segment could be for the following reasons.
established. I - The Mosotti field canno t be used for accurate

2. !‘iao motion was detected in the topogiaphs t aken cal c ulation because it us based on a spherical cavity
with o ut an applied fi e ld , surrounding the dipol e considered. In the present case,

3 . A cen ter core was seen when the 60-Hi field was however , th e cavity should be cylindrical with the
- - applied, or a boat shaped sh adow was darkl’v outl ined center line in common with the dislocation line . These

and one sid e of the out line was darker than the other consideratio ns would change the local field from C
when the I 1 4 H: or 1 130-Hz sq uare wav e was applied. = ((~

‘.2)f3 in the spherical cavity case to C’ ((ii +1)/ 2
Although mos t of the dislocations lying perpendicular in the cyl indr ical cavi t ~ case if the specimen is very

to the electr ic f ield were found to vibrate under the th ic k (see A ppendi x A).
influence o~ the f ield, only a few lines conf ormed to 2. The distribution of ditiocition lines is not uni-
the stand ards mentioned above, form so that the local field produced by the dislocation

The measured results are shown in Table 1, columns lines and their displacement is not uniform . Also the
2 and 4 As derived fr om eq 4 . ~~~~~ is proportional values of the dielectric permittivity would not agree
to the applied field Ii ig. 6) althoug h ther e is consid erable with the value used for the above calculation.
sca tter Most of the sc atter is due to difficulty in the 3. The specimen is thin so that the integration of
measurement of th e diffuse image. the f ield cannot be made on an infinite volume but only

The charge density may possibly differ according to on the f inite slab of the specim en.
the direct ion it the dislo cations, kink s may be the The local field acting on the cylindrical cavity can
source of the charge of dislocatiom since a kink in a screw be close to the applied field under the present geometry

S

_ _ _ _ _ _ _ _ _ _  
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Table 1. Po~ ib4s ras~~ o( linear chugs density ~a for each segetent

$ f i~.iU A~~ U~ * 51n ~~
~ x,o44• x1O~-’

~~~~~~~~ 1(~ 10’ rn) (x fO’
~~

’
~s) x SO’ /rn cb.r~v (C/rn) (C/rn)

4.75X 10’V(m 60 Hi

I 44 b 3. 1 2 2  4 .1
2 60 $ 2.2 13 3.4
3 6* $ 1 .7 I .? 2.6
4 60 $ 2.2 i . c 3,4
S 60 4 1.1 0.1 1 . 7
6 60 $ 2. 2 13 3. 4
7 52 6 2.2 Ii 3.4
$ tOO 12 1.2 0.1 .1
9 U 6 0.1 0.6 1.2

10 $0 6 0.9 0.6 1 4
II 52 $ 3.0 2.1 (6

I.45~ lO~ V/rn 60 H:

12 1$ S 1 .0 2.3 5.0
U 123 10 0.7 1.6 33

2.95x 10t V/ rn 1130 Hi

14 12$ 12 0.7 • 0.1 1 .7
IS 11 6 $ 0.6 • 0. 7 Ii
16 45 6 2.6 • 2.9 6. 4
17 64 5 2.0 2.3 5.0

Ms~ i 75.9t26 .9 1 .5* 0. 7 3.2* 1.5

3s ’O t
~~ 

- - -

a -

0 
- 

i~0 
- 

3.0 
- 

3.0 
- 

10 &C S iO~
(us*wie ?ii~4 .w

r~w ,c ~~~~~~ ~.i fleW sirangih. Open circle Is mens of q~~~fQ 2 at the
1MW streii gffi end .ortft~J bvs Aisdlcar. the tang. of measured v~ues.
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t i t  the measur ements . A potent ial gradient along the such as the charge cloud effec t, the impurity effec t,
surface parallel to the applied f ucl d and caused by sur. or the Peierls trough effect , an estimate of mobile
face conduction mas be the mus t eff ecti ve source of dislocation density based on etching (wh ich would reveal
the local f ield because electrod es are tar apart but con- ill dislocations wtsether mobile or not) may be an over-
du~tin g surfaces arc vCr ’~ close so th at the contribution estimat e causing the charge concentration to be under-
to the local held is str on ger. Althou gh theoretical estimated.
studies on the local f,eW we re at tempt ed, the results Also the Burgers vec tor of opposite 

~~ 
could not

were inconclusive bcc.ause the assumpt ions u~ d were be eliminated even if one sign dominates the other .
Ji ! t i ~ult to veri fy . If the electric charge of a dislocation line is not affected

Mor eove r , -he dielectri c constants are hig hly de- by the sign of the Burgers vector , opposite sign polar-
pencknt on the str a in , presumabl y due to the changing ization will be produced by displacement of dislocations

-: di iJocacitt n str ucture with inc reasing str ain, especially having an opposite sign Burgers vector during the de~
in the frequ enc y range in which the present work was formation and would partially cancel the domina ting
done . Ihemef o r e , the exac t strength of the local field polarization. The charge concentration obtained fro m
is in cons iderable doubt. the probable upper and charge generation, therefore. may be underestimated
low er limits ot field st rength wet e used in the present even further.
wor ~. and these limits defined the usa bl e range . The Zagcwuiko (1965) observed motion of etch pits on
upper l imi t ,st the kic *I h eld which n~ iclds the lowest a sodium chlorid e crys tal surface under a stat ic electric
~ha, ge dens ity ~~~~ ~yhown in t he las t column of f,eld . Several sou r ces of error may appear when this
T~ bIe Il was caku lat r’d from eq 4 using the Moso tt i method is use<’ to estimate the charge concentration .
field i.n .~ Lslindri~al cav i t y  and th~ usually observed For example, the local f ield near the surfa ce may be
die Ie~iric permi t tiv it ’, of uns tra ined ice (ii ’ - 90, C affected hs fringing and diff er from the applied field

f (x ’ . l )  2 4’s ~1 The low er limit it the exter nal suength~ thus, the charge density p derived from his
held whic h y ie lds the maximum charg e density p,,,~, equation (p eEIO.&K) woul d affect the estimate of
n.ti ,wn in column 6, T abl e I charge concentration. The concentration of divale nt

(~~:~ th rec segments were found appr o pri ate (is the impu rities required to calculate K in the same equation
at’~ n.~- -mcntionetf st andards t id entif y the sign of the may be different near the surface. Also, the motion of
charge T hese charges had a p tsi Isv? s ign . The pr is - a disloca t ion would be hampered near the surface,
si b lit y still remain s that disio,.~ tion lin e-s of negati v e especially at the end attac ked by the etdsant before
sign can ex i s t  unde-r ce -f tar n condi ~nOfl5. application of the electric field. Theref ore, his equation

Thc results n it  th e- m easu r em ents are compiled in to calculate the charge density contains several atiump-
Tab le 2 iw  ‘ut ure use standard devi at io n of the tiorss which are difficult to verify.
d is t r i hr~t - ’ri n , h  segment lengt h~ Imean segment length) The present method using X.ray topography is more
w as ~akulated fo~ normal and log-no rma l dis t ribu t ions, direct in measuring charge density on the dislocation
The log nor mal distribut io n is p referred because it s line . However , several prob lems still exist whic h may
plot on probatsul ts  paper showed better fit and also affec t the results. Possible causes which may have sup-
bec ause nis ne-gat n.e xc-gment length was invol ved , pressed dislocation line motion in these experiments
However , statistical theory ‘f the segment length are the following
pinn ed bs a random a r ray  of point obstacles made 1 . Surfore if fr cts . The portions of dislocation lines
by lahusch (1977 ) r*dic.a t ed that the shape of the which lay parallel near to the surface and wisids her -
segment length dis t ribution I.’, bet ween normal and minated on the surface seemed to have been affected
log -nor mal distributi o ns . The eff ec t  of segment length by the surface . Disloca t ions in the thinn er samples
distr ibuti on ‘n the observed diel ectric relaxat ion spec - we re observed to be less mob ile , presumably because
t rum will be dis cussed in the next repor t in this ser ies, of this effect.

2. Local field effects. As the dislocation density
decreased during the thinning by subuimination or by

DISCUSSiON the annealing out of dislocations, the effective dielectric
constant caused by moving charged dislocations may

There are several reports on the charge density of have become lower because it is direcdy proportional
dislocation lines in ior’,c crysta ls . The most widely to the dislocation density (as w~l be discussed in Part II
used method of measuring dxc charge density is based of this series of reports). This effect will reduce the
on charge generation duri ng defor mation and requires effective field acting on the individual dislocation lines.
inf~,mat,on u n  mobile dislocation density. If, how . A lowe r dislocation density area is surrounded by
ever . some dislocations are immob ilized by factors a higher density area in Figure 7. The amplitude of
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dislocation motion in the low densi ty area is apparently to move out of the troug h thass a dlsloc.atlon which
smaller than in the high density area. The smaller does not lie in the trough. It was frequently observed
amplitude can be attributed to the surface or the local that str aight dislocations were generally in the ci 1~ O>
field effect or both. directions and were Immobile (Fig. 5). Plesumably the

3. Oterge cloud effects. According to (shel by et dislocations were trapped In the trou gh of energy minima
at (19 58), charged dislocatio ns in alkal i halide crystals after prolong ed annealing. The X’tay topo graphic study
are gradually surrounded by a charge cloud of opposite on dislocation structure in Ice made by Webb and Hayes
sign. Coulomb interaction between the charged dli- (1967) showed that all Burgers vectors are of the <1 1~ 0>location and the slowly moving charge cloud woul d type. Fukuda and Higeshl (1969) indicazed that most
suppr ess the dislocation motion. Shielding by the of the dislocations are of the screw type. Another pos-
charge cloud will reduce the effec tive field which also sibility Is that the pure screw dislocation In Ice may not
suppresses the d&ocation motion, have any electric charge as was found in some of the

4 . lnspaiv*y effects. Various types of impurities alkali halide crystals (Davldge 1963).
may diff use from the atmosphere into the ice crystals All of the above factors tend to suppress the dis-
through the crystal lattice and along the dislocation location motion. Factors 1, 3, 4 and 6 can be avoided
lines. Although some impurities like hydrofluor ic by using thick , freshly prepared specimens. To avoid
ac id (HF) seem to accelerate the dislocation motion, the local field effect on~ must obser ve the dislocations
most types of impurities would tend to cons tra in the in the higher density regions, which makes it diffic ult
motion , to distinguish the pinning points of the dislocations.

It hai been obsetwd during the present experiments The X-ray effect is unavoidable in the X-ray topo graphy
that the dislocation lines in newly prepared specimens method. Fortunately, this effec t does riot seem prohlb
are curv ed and mobile, wh it e dislocations in older itively strong.
specimens are ra ther svatght and immobile even under A possible temperature rise produced by passing
the highest electr ic fie ld applied (60,000 V/rn). The current through the specimen does not appear respon-
difference in character of the dislocation, may be at- sible for the dislocation vibr ation . The distinctive dif-
tributed to the charge cloud or the effect of impurities ferences betwe en Figure Sa (made with no applied
which have diffused into the older ice from the at- field) and Figure 8b (made wxth a 30,000 V/rn field)
mosphere. supports thés notion. Most of the dislocation lines lying

5. .
~ 

-ny effects. It us known that, in the case of perpend icul ar to the electric f ield which appeared in
alkali halides, point defects produced by X-ray ir. Figure *a are smeared out, of low contrast, or are spread
radiation at color centers pin down the dislocations to a boat shape in I igsa’e $b, while littl e change is ob-
(Baucr and Gordon 196 2). A similar effec t seems to ser ved in the tines parallel to the electr ic field. The
cx is t in ice, vi bration of dislocations due to a thermal effec t would

The dielectric constant of ice Shows a very rapid not depend on orientation.
increase followed by a gradual decrease during X-ray Brantl ey su~~ested that piezoelectric deformation
irradiation (Ackley and Itagaki 197 1). The initi al is a possible mechanism to driw dislocations In the
incr ease is presumably induced by charge carrier crystal. However, T ippe (1967) found no detectable
production, and the gradual decrease may be related to piezoelectr ic effec t in Ice, and therefore this type of
the pinning of charged dislocations by point defects deformation seems unlikely. Deubner et al. (1960)
pr oduced duri ng X-ray irradiation. Relaxa tion time found some effect which disappeared after three or
was alio reduced by X-ray irrad iation , indicating the four days.
shorten ing of dislocat ion segments by pinning. The A recent study on the quasi-plezo effect of strained
reduction of relaxation t ime and strength was also ice tingle crystals ( lti pki 197$) indicated that those
obiirwd in an interna l friction study supporting effects may be more easily explained by the electrically
thi s not ion (Van Drirender and Itagaki 1973). The charged dislocations. If one sI~ x of the Burgers vector
details of X-ray irradiation effect on dielectr ic and charged dislocations dominate, the other, a quasi-plezo
inte rnal fr iction will be descr ibed in a later part of this effec t can be produced by the displacement of the dli-
ser ies of reports, locations either by the mechanical these or electrical

6. Trough s of thi PaNrIs pofveriel. The energy of field, The disappearance of piezoduculclty may be
a dislocation line is min imum when it lies parallel to caused by immobilizi ng charged dislocations by the
rows of atoms on the slip plane, This ener gy minimum effects of charge clouds, impurities, or troughs In the
is frequent ly called the Peleels trough. A dislocation ________________

which lies In the Peierls trough running along certain W .A. S’and.~, D.puermsw.u ol M.seNw y and Matarlil Sdsnces,f crystallo graphic orientations requwes a higher energy Car’iig~-Ms1~o’s UiiherWty , psesend cOmmvn~atlem 150.
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(a) (b)

F igiae & Comp. hon of dislocation hnage without (a) and with (b) an electric (steW of 32,(XX)
V/m, l.1/J lz squorev.uw.

Peierls potential as discussed previously in thi s report. Taking into account those factors Ei~~ Should be
These topics wi ll be discussed in a titer report . close to the applied field ~ VJL where V is applied

voltage and L It the separation of elec trodes .
Therefore

cONCLUDING REMARKS
E~~~3V/L and

The possible range of chary densi ty is rather wide
(1.,i 10.10 C/m to 3.2x 1O~ ’ CIm). However , the ai ~~~~ f3 ~ 4O.Sii lO’lOC/m ~ ~ef7.1b
most probabl. value is 1/3 of ~~~~~ because :

1. The static dielectric cons tant of dislocation- where b is the Burgers vector. The source of the charge
free ice is about i, which is ve ry low compared ~rith is open to future studies. Several possible mechanisms
the usually accepted value of about 100 (Itagaki 1978). have been proposed for non-ionic crystals (Glen 1968.
This finding indicates that electrically charged dli- Booyens et at. 1977).
locations are the mator cause of dielectric relazation The charge density together with the other data
in the audio frequency range. Assuming that the di- obtained dur ing this study are listed in Table 2. The
electric constant n is about 3. the Mosotti field would e*tent of dislocation contribution and the effec ts of
increase the effective field t on a dislocation line as 

~~~~~~ length distri bution on the dielectric relaxation
spectra willbediicussed in Partllof this sei-ies of reports.
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APPENDIX A, MOSOTTI TYPE FIELD ON CORE 
~ 

V
OF CYLINDRICAL CAVITY a —. ~~~~ - (M)

21o 2 L

Let us assume a cylin& ic.aI cavity around the dis-
location line as shown in Fi gure A l . The elecuical The to ta l field ~ 4 acting on the point A is then
charge ~ appearing on the surface element S of the
cavity is caused by the po larizat ionPand is given by (O•

~ I •~ 2 a . -(a-l)!!..5! !!_
L L 2 L

~ z p~~~ea ( , _ 1 ) e 0 (0. (Al)

~~~ 
V0 (AS)The component of the local field in the applied fIeld 2

direction caused by this charge on a point A located
on the dislocation line is t~ (a V0/L) is the applied field, (~: ((sc-1)V~,/L) is

the depolarization field st4tere die dipole contribution

dE2 a P cos29sin 
~
, (A 2) inside of the cavity is disregarded.

4iie0R2

Since R avc1~~, sin j  r/l/~~~2 and ds ~ rdQdO,
then

~~ 2 ~~~~~~~

The total contribution by surface integrat ion is then (
~~~~~~~~~~~~~~~~~~~~~~~ at~— a 2I1~ 0 (~2 .vq2 ) b2 -

_ _ _ _  n

U A 
I)

FI!rljr, A 1. The c*.’pe a., she ,arfece element S o(cylrn*kW c vI?y
cai s locel field ena dl*csttcn porn? A,

- 

12 

--_______________

—~~



A facsimile catalog card in Lthrary of Congress MARC
forma t is reproduced below.

Itagaki , Kazuhiko
Charged dislocation in ice. I. Existence and charge

density measurement by X-ray topography / by Xazuhiko
Itagaki. Hanover , N.H.: U.S.~ O,ld Regions Research
and Engineering Laboratory ; Springfield , Va .: available
from Nationa l Technical Informa tion Service , 1979.

iii , 12 p., illus. ; 27 cm. ( CRREL Report 79—25.
Prepa red for Directorate of Military Program s -

Office , Chief of Engineers , by Corps of Engineers , U.S.
Army Cold Reg ions Research and Engineering Laboratory,
under DA Project 4A161102AT24.

Bibliogra phy : p. 10.
1. Dislocations. 2. Electric charge. 3. Ice .

4. Single crystals. 5. Topography. 6. X— r ays .
I. United States. Army. Corps of Engineers. II. Army
Cold Regions Resesrch and Engineering Labora tory , Hanover,
N . H .  I I I .  Series: CRREL Report 79—25.


