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Figure 8.6 Frank—Read source in a silicon crystal. The dislocations have been
revealed by the decoration technique described in section 2.3. (From Dash
(1957). Dislocation and Mechanical Properties of Crystals, Wiley.)

(b) (c) (d)

) ®
Figure 8.5 Diagrammaltic representation of the dislocation movement in the Himedid Thansmiistondlectron nikropraphiof concentiicfoops formedit a

Frank—Read source. Unit slip has occurred in the shaded area. (After Read climb source in aluminium-3.5 per cent magnesium alloy quenched from 550 °C.
(1933). Dislocations in Crystals. McGraw-Hill.) (From Westmacott, Barnes and Smallman, Phil. Mag. 7, 1585, 1962.)
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Figure 3.9 Sequence of events (a), (b), (¢c) in cross slip in a face-centred cubic
metal. The [101] direction is common to the (111) and (111) close-packed planes.
A screw dislocation at S is free to glide in either of these planes. Cross slip
produces a non-planar slip surface. Double cross slip is shown in (d).
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The existence of distortion around a dislocation implies that a crystal
containing a dislocation 1s not in its lowest energy state. The extra
energy 1s the strain energy. The total strain energy may be divided into
two parts

Liotal = Ecore + Eelastic strain (4.18) b

S
<

|
I
S

-]
S
|

The elastic part, stored outside the core, may be determined by integra-
tion of the energy of each small element of volume. This 1s a simple
calculation for the screw dislocation, because from the symmetry the Gb
appropriate volume element 1s a cylindrical shell of radius » and thick- z
ness dr. From equation (4.9), the elastic energy stored in this volume per

unit length of dislocation is

2rrdr(og.eqp. + T-pe2)

2| =

d E(screw) = 4.19)

= 4mrdr Geﬁz

From the expressions for edge, screw and mixed dislocations it is clear
Thus, from eq uation (4] 5}, the total elastic energy storec that the energy per unit length is relatively insensitive to the character of

(Fig. 4.5) per unit length of dislocation is the dislocation and also to the values of R and ry. Taking realistic values
= = for R and ry all the equations can be written approximately as
. Gh (Rdr GH* (R Eq = aGb> (4.24)
Fer(screw) = ) =7 In| —
T Jr ¥ T o where a =~ 0.5-1.0. This leads to a very simple rule (Frank's rule)

. . for determining whether or not it is energetically feasible for two
where R is the outer radius. dislocations to react and combine to form another. Consider the

A 7 [% 13 D. Hull and D. Bacon, Introduction to dislocations, 4" edition. TRENXF )



3.3.8 [a 20948 EAE R A
1. b B ) S 694E R A

L7, _t, |
|
pa==_ ANy =

s | - A

o } 7 | ~
1
S | _ ; I -

// -z—- //

7

RIEmAETRATMBITIA 7', 1ERE
(sEZk LRI N (ERR LB AT BT A 1T

-y W=t(L-s)b W'=f-L-S
RIFEINEE, W =W
ﬂﬁ, f = 7b =

SCEETE



2. HiTiasRZz MM B E R AT

Ghb,

]71: =(._1'Ez)><]—02 = >

Gb .b, :
f=—"=+— — f =

2xd d : 27d

FPetch-Koehler A3 i+ 8
/} =(@" b)x1, 0

R, & — (IS 1 (TSRS MR A
FERI$E 4 2 AbAORL )
b — fiIts% 2 WHMKKE
h— {2 MEARBMAE

TE & RF n )



Y bZ . -L]J
Al ) o &
el fio =8, by %1,
b1 //// = O-.D‘bﬁi o O-n‘sz
— g A0 3
0 14' : - fx + f\
FIRBENEFAT 4
IETusE BB E/ER B
f.=c_-b, = Gbb, x(x’—y*) _ Gbb, cosBfcos26
TR T a-v) Py 2m(-v)
£ == :b;= Gbb, }’(31’2 +J":) i Gbb, sin6(2+cos28)
) T 2z(1-v) (xl -t }'2 )2 2‘/7(1 -v) r
\ Y’ k
T S e i I o
7/ l_.. T—* \z\ /2/ -—T
=3 A A Y
N 1._..‘( 1 vl o T_P.(
R _— N = = o
N // \\T F’]"f*ﬂ)?, %7*&%0
+h 4+ %
a) FS{iIfs b) RE{IfE

FITRABEARFTAUEEONEERN E

SLRAEC



3.3.9 SEFRapikP a94z4s

1. R34k, 2448

-%ﬁ%%*%u# M Bk T Rk sE M e i E K 4F

c RIFMAREMTOELLEENE T RW<DbS
EFmATEERTRTREESR (MREENAE=INRT
H) , IHGLEERY LS, XHRIDEEHE,
mRiEBE, —MEFE-ANARTELERDGFESEH

TE & RF n )



%% : bee, fec, hop#{ifisd? KA ? BHE? BHFTH?
B GRBABERTHEIRERETHER?

TE & RF n )






2. R &timm (94a48)

 RT LB, MARFETRBRA—EHREENT
BT R T A FEAY4E A, BPHMRKEERER—AR
FTEF—AME, RARNRTAAEREL RZEGE—1
B, IXLEEBRRLIE5H4,

c B LH AR ANE BN
(1A AR A4 4: a6 <112>
Q)% 2 Ik a/3 <111>

b=—[211],dl =[011]

a
6

Z HEXE {rgga BERA R
. HERAIE a<li2>/6 7IH BRE EEE QBB
(111) BERADMUE a<lll>/3 Pk REERR

q;) TE & RF n )



3. {250 2R 5 6 B

- [iAEREE®, FALAKRE
« RN RS RFEARA L, X, AR
125869 0 —ARAZH

Bl KB RE o) At o S0 i R A\ 3 A
DIUAT FAF: B AT B M Rk EAA0¥.

b,=b,+b,

QHF A4 ARG A E R K TR R AT e &

&

D] 2]b,|* +[04f?

Tf[ 121]

EHH )

S1110]

61211

(111 E Y 1}“%11?%‘

VashRF s



BF T4 B N e E HAT?

(1)a[100]+a[010]—~ S{111]+5-[111]

(2)al100]— S{111]+ 51111]

B ARSE (111) LA ANMHMRLAEHN
a/2[110] &y W42%8, RRE XA RN H A RALH?

Sk aRAE (1) EA—AHMRKEXEH
a/2[110] & 4248, REE DA —AH LRAe
— AN = AR ?

TE & RF n )



% 3
« MR KEHa2[110]89 2425 T AL & 3 2 7 sh R {111}

MBS Em LAEA? KBl izs{idA X Ed
DR B ANa/6<112> TN 45 5B B Ko

SCEETE



4. & Afesg (B840

o AN RSO oAl A R
R & R — TR T i A AL

c RIGEANEIELE, FAMIEL
NEERHE,

TE & RF n )



AL RF )




3.4 W #rT4
1. aajt

#FE A SRR Z ] 69 SR B AR dh S AR STPT 6L A X3
A k. B EAGEARGHHLRA S i

@'J ﬁ xaﬂﬁ‘

e MMM IHR EAMGENRER X, YR E
0. F15° B, ARHA DA EHF

o AR SFL AR R A EEE R

@) B o mnan®) TAEARF s




o MG E— R I BT 7 R4
c {ZENFERD, MR KXEbESRGE0ZNE, HETH X
A
b s
S1n 5 = % \ ] 7
i
. 0 0
2s1ln —

TE & RF n )



o BT EH— R IIRAAZ M .

Alalal,
10440

(b) ¥ M *

B1-48 HERFMEH
CCPRARZARTEMET, AEERR
L NS 1) E )

TE & RF n )



OF:Y: &P
o KA Th I F N ah ks g B £ K -
+ BREEZHKABBF

r\
[EN
O1

)

! £\~ -
PN e ‘\\ «
\_// & L p o gy »»\_,\,—/
- / §
@ G \f g X
\5;;;; /’
m—— ~ _ L e

Grain
boundary

\*‘ﬂ/;fdl)\?mﬁn







A JF- 45 T

DRFREESG HETHEA AKX,
(2) FELAF- %5 12 8 P 7 S (FRLAFAS 5 7R 45
kARG, MR EAE, REARS, LEMLE, WG,
R)HEBT,MRLRTFI Kk &b
(4) & X A2 #7484k J6. 5 B 304 S BRHRAS SRS

7S
) RE: REREFS5RAXEER

(5) E%ﬁ:’g-% }fL A l*] o’ Mt 2) 55 AITRHIEE

i)BE{EM: (P. Sb. Sn)ERFMEL,

N : R 4R R ..
S RRT 5 e an A R i) B WEBREEL,
K05 B AR A0 B A

(6) b & 5 T R idAemy il &AL,
- R G L, RIS R . Hd, RARE, —RLEESF; &R

TE & RF n )



2. R EH

- EREH (MAREH) RMETERPIUT T I

NJE

il

AP ERER T = EN— KRBk,

c UBSZHTEMAY, BEFERFFTHA—RTE, 18
BAzE A —ANFRFpHEE......ABCACABC...... AR A
HBEHE; mREFEFFTHEAN—RTE, AR EH
AR E...... ABCACBCAB...... RIENT &

55 o




B LKA R

mHUMFmEPAuTF {111} mREE
GIsE R R AR EH R A EMNERE]
.ZIEﬂEI’ZlJ:'iEtt ﬁij]?r v.‘LL%ﬁ\

540 2[110] 6[211]+):tﬁ+6[121]

4[T10]

'%ii/ﬂ\&%ﬁﬁﬁ i%é% 4{121] R ¢1211]
I

(lll)[ﬂ]tﬁ@%f’ﬁéfﬁ@'

a/2[110] >a/3 [111]+a/6 [112]

TE & RF n )



3. Fdh t

c —AREATARLE B RS RRE—ANERE, HAEE
Atz e % R, Rl L6 RTHBES>RIRER, XA
FEETEES &

 ERRAMG RN ER; FAEROTARYEL,




3

SN N
B R L T T TN
rahd e b4
can L

. i
ol
ALY ”;g’“.o‘

-r LAy

Fig 40. High resolution micrograph of parent and twin crystals in Cu-4%Al in [011]¢ projection revealing the
intersection of §[111]y Frank dipole by a twinning front. The figure shows that the upper part of the dipole is
sheared and is incorporated into the twin lattice, whereas the lower part is still in the parent crystal.
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