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Abstract : The kink model in the light of string model in dislocation is solvedby the operational method due to Heaviside. The expression for dampingintroduces a correction t erm over the normal as predicted by Seeger andSchiller. 
1.  Introduction 

The attenuation of stress waves travelling through a solid due to dislocationmotion is discussed by many authors. The most suitable, interesting and heuristicin approach is the vibrating string model of dislocation motion. The theory ofthe vibrating string model as given by Koehler0 and developed by Granato andLiicke2 > has been further refined by Bhattacharya and Ghosh 3 - 5 > following Haevi­side' s6> operational method. I t  is based on the assumption that the dislocationshave a mass per unit length 

where (! is the density  of the solid and b is the Burgers vector. D islocations alsohave a drag co- effi cient B per unit length which represents the dragging forcedue to phonons and electrons. This drag is proportional to the dislocation velocity 
through the crystals. Also there � s  a line tension eflect c � G: 

2
, where G is the
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shear elastic constant in the glide plane which tends to keep the dislocation straightbetween two pinning points. In the string model any interaction of the dislocationswith the Peierls energy barrier is neglected. In the low amplitude region thereis considerable ev idence that dislocations do not lie in a straight line between pinningpoints but rather lie partly in Peierls v alleys and partly across the P eierls v alleysi n  the form of k inks. However, the k ink s are closely spaced and merely put small
wiggles on the dislocation line. D uring a dislocation displacement, the k inks movesidewise but the over-all motion i s  much lik e that of  a string. When the k inksare not free but interact with each other in the dislocation segment, they repeleach other when they get close together and this force takes the place of th e  line
tension force c = G J 2 in the string model. The ki nk has a mass and a v iscou s
drag co-effi cient and if we neglect the lattice v ibration mode set u p  by traversingthe negative  slope of the k ink barrier, the k ink model gives the same internal friction
as the string model except for minor numerical term as observed by Seeger andSchiller 7> . M ason8> assumed the value of internal friction due to dislocation in thestring model and introduced the idea of k ink in the string model. He also assumedthe internal friction value in ki nk model withou t any calculation. 

2. Solution of the problem

To obtain the combined effect of the lattice v ibrational dissipation and drag
co- effi cient B it i s  easiest to apply an average k ink force per u nit length to thestring model. There will be no force applied to stretchi ng the string u ntil a k inkhas crossed a barrier and this force is m erk ab = <1 b, ( 1 )
hence

where <1K is the stress required to cross the k ink barrier, a is the hei ght of the k inkand er i s  the applied stress. In addition to the conservative  force applied by thek inks there is a dissipative  force equal to m <14,, a b, where <14,, is the dynami cP eierls stress. So the average for ce applied to the string model by the motion ofthe k ink s is 
<1 b + i m <14,, ab = <1 b [ 1 + i P] ,  (2)

where P = <14
" and its v alue calculated by Weiner9> is o . 01 and Atkinson and<1k Cabrera' s1 0> value is 0- 1 but experimental value obtained by M ason and Wehr1 1 > 

is 0.03. 
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If we apply this force to the equation for string model we have 

(3) 

where �' y and t stand for the displacement of the dislocation from equilibrium 
position, coordinate of an element of the dislocation line and time respectively. 

Since the dislocaton motion is always over damped - neglecting the mass 
term in Equ. (3), we have 

a � a 2 � B a r - C a y 2 = a b ( l + i {J). (4) 

Let us assume the applied stress a to be of the form 

(5) 

where a is the damping constant, co, the applied frequency, x, the varible co­
-ordinate along which the stress is applied, v 1 the velocity of the elastic wave and 
<10 a constant. 

With the help of Equ. ( 5) the Equ. (3) in operational form is 

where 

a constant and 

8 2 � D 
-a 2 - - � = - 0" 1 exp ( i W t),

y m1 

d C D = -, the operator, m 1 = -B ,d t  

b (l + i /3) 
<1 1  = C <To exp (- ax - i w x/v).

The general solution of Equ. (6) is 

� = A cosh p y + B sinh p y + a� exp ( i w t),
p 

where p 2 = ..!!_ and A and B are two arbitrary constants.
m1  

From the terminal conditions 

� = 0 for y = 0 and y = l

(6) 

(7) 

(8)
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we obtai n the values of A and B and have the Equ. ( 1 7) as

� = � exp (i w t) [ 1  - cosh p (y - lf.3)] . p2 coshp 1/2 

The i ntegrodi.fferenti al equati on sati sfyi ng the gi ven stress wave i s

Combining equati on ( 5), (9) and ( 10) we have

( + i w) 2 e 2 A eb D 2 O' 
1 ( . ) [i 2 tanh pl/2]a -v C1 + G w C1 = -1- p2 exp i w t  - --

p
-

(9) 

(10) 

( I I )  

obtai ning the operati onal soluti on of the ri ght hand si de of equati on ( 1 1 ) we get
the equati on ( 1 I) as 

a + - (1 + - w (1 = -- w c, - P) (1 -
( i w) 2 e 2 A e b 2 

• 2 A e b2 

V G B I 

cc)· 12 c1 + · p) c · ) [ 1 c ·  )1 ' c ·  )(B)3/2 · i O' exp i w t (n tY'2 + i w 2 exp i w t 

erf (i w t)1'2 - 2 {-1- exp ( - �) + i w (4 t)' '2 i erfc --1-- -(n t) 1/2 4 m1 t 2 (m1 t)1'2 

. (4 ) '1 ' £". 21 2 (4 )3/ ( ·) 3 fi 2 / + } + i w t 2 1 er1 c 2 (m i t)''2 - w t 2. t er c 2 (mi t)1'2 . . . -

- 2 {c,. :) .,. exp (- ::n:\) + i w (4t) .,. (,) erfc 2 c:.z
t)

'/2 -

(12)
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Since we are interested  in low freq uency st ress pulses of short duration i. e.,of microsecond order  we can neglect terms with higher power of time. As the looplengths are excee dingly short we neglect the terms containing l/(t) ''2 also. Soequation (12) becomes 

· { I + i P) <1 [ (,. :) 
,1, exp (- i w t) + (i w) • 1, e rf (i w t) '"l

Equating imaginary terms from b oth sides of Equ. ( 1 3), we obtain
V A (! b 2 V 2 A (! b 2 ( C) l /2 1 

a - 2 · B - 2 w · l · (B)3'2 · (n t) 1'2 · (/1 + co t). ( l4)
The decrement is given b y

co� 1 
2 (d)31z . (t) llz . (/1 + (1) 

t),

where 
are two constants and 

8 G b 2 

Lio = -­n3 C 

"'• = 7 ( �f'· 

and G 
v2 = -

This equation holds when all t he st re ss is applied in the glide plane .

3. Discussion

(1 5)

P resent analysis shows distinct ly that the Kink mode l gives the same in­ternal friction as st ring model as obt ained by  Bhatt acharya and Ghosh 3 - 5> inthe high freque ncy and high damping case e xcept for a very small numerical termgiven b y  (n) 1'2 2 w� l -4- Lio A l w3 (d)31z . (t)• /2 . (/1 + w t),

which justifies the comment made b y  Seeger and Schille r'>. M oreover it is seent hat the se cond term is transient in nature in out mathematical deduction we are concerne d with the steady state solution which makes the correction term furthersmall. 



122 BHATACHARYA - GHOSH 

Refe r e nces  

1 )  J .  S. Koehler, 'Imperfecton in nearly perfect crystal' W.  Shockley et  al. (eds), Willey, New 
York, (1 952) 179; 

2) A. V. Granato and K. Lucke, Physical Acoustics W. P. Mason (eds), Vol. IVA, Chap. 6,
Academic Press, New York, (1966) 225;

3) D. Bhattacharya and S. K. Ghosh, Indian J. Physics, 47 (1973) 306;
4) D. Bhattacharya and S. K. Ghosh, Indian J. Th. Physics, 21 (1973) 1 19;
5)  D.  Bhattacharya and S. K.  Ghosh, Indian J. Physics 48 (1974) 469;
6) 0. Heaviside, Methods of Mathematical Physics by H. Jeffreys and B. Jeffreys. 3rd eds,

Cambridge (1966);
7) A. Seeger and P. Schiller, 1>Physical Acoustics by W. P. Mason (eds), Vol. I/IA, Chap 8,

Academic press, New York (1966) 361 ;
8) W. P. Mason, Physical Acoustics by W. P. Mason and R. N. Thurston (eds), Vol. VIII, 

Chap. 7, Academic press, New York, (1971) 347;
9) J. H. Weiner, Phys. Rev. A 139 (1965) 442;

10) W. Atkinson and N. Cabrera, Phys. Rev. A 138 (1965) 763;
1 1) W. P. Mason and J. Wehr, J. Phys. Chem. Solids. 31 (1960) 1921 .




