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SYNOPSIS. 

It is well known that dissipation accompanies 

vibrations in solids due to the presence of internal 

friction. In general, the .effect of internal friction 

is to produce attenuation and dispersion of elastic 

waves.. 

Wave propagation in anelastic solids provide 

an interesting field for the application of mathematical 

techniques and in addition is of practical importance 
C 

both to engineersand seismologists. The present work deals 

with the numerical computation of the variation of 

amplitudes for surface waves showing elastic. and anelas-

tic behaviour. 
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LIST OP SYl~lf? .O 

dashpot constant, 

	

E 	elasticity, 

coefficient of rigidity, 

coefficient of incompressibility 

Vp velocity of 1? waves, 

	

Vs 	velocity of S wave, 

density, 

Lame 's constant, 

	

Q 	Scalor potential of displacement 

Vector potential of displacement, 

	

L 	wave length 

	

a 	compressional 'wave velocity, 

shear wave velocity, 

	

c 	phase velocity, 

	

A 	cubical dialatat ion, 

	

_ i z 	i 	real part of , z, 

	

I I z-1 	imaginary part of z, 

	

(T' 	Poisson is ratio, 

	

w 	angular frequency, 

k 	parameter for wave equation, 

X,Y,Z body forces, 

U,V,W displacement in x,y and z directions resp-
ectively. . 



VR  Rayleigh wave velocity,. 

T 	tim? period,, 

rate of decrease of amplitude*  

p. 	stress at a point, 

ratio. of shear wave yeloc-ity't:o 
a:o VreB iota, . wave velocity,,. 

ratio of phase velocity to s,  hear. Wave  
velocity. 



-3- 

CHAPTER - I 

I N T H 0 D U C T I O N 

It is shown in treatises on Thewry of Elasticity 

that two types of wave motions are propagated in an 

isotropic homogeneous and unbounded elastic medium. 

These are the longitudinal or the compressional (P) 

waves and the transverse or the shear (S ) waves . Their 

velocities are respectively given by 	7+ 
3 

~~ and 

Vs = 	where 'fit and '/' are the coefficients 

of compressibility and rigidity and 'P'' the density. 

In any media the 'P' waves travel faster than the 

'S' waves and are the first to arrive at a given 

point. They were therefore, called the ' -Primary' or its 

short form the P wave. Earthquake records invariably 

show the arrival of these two waves but in addition to 

these they also show the presence of other slow tra-

velling waves with large initial amplitudes which 

appear to have travelled along the earth's surface. 

The latter consists of approximately harmonic waves of 

varying amplitudes and progressively diminishing 

periods and belongs to two main groups known as the 

'Rayleigh' and the 'Love' waves. The theory of Rayleigh 

waves was first given by Lerd Rayleigh +11 in 1887. He 

showed that the free surface of an elastic homogeneous 

medium can support a disturbance involving displace-

ments in a vertical plane, along the direction of 



A 

propagation. in the form of a retrograde ellipse, 

and propagating- -wit h- ---a '4velobit y which- was about 

0.9 times, the shear wave . velecity in that medium. 

Jeffreys. and Stoneley and later Ewing 

and Press ,greatly extended the theory to cover -

cases of layered semi-infinite media. The .results 

•indicate that in all but the simplest case assumed 

by Lord Rayleigh, these waves suffered dispersion.: 

The theory of Love waves were given by A.E.H.Love ! 8 

to account for the presence of transverse component 

surface waves in earthquake records. He showed that 

on the free surface of an elastic layer resting on 

a semi-infinite elastic and homogeneous substratum, 

a 'wave of the 'SH type was possible. These waves 

suffered dispersion depending on the thickness of the 

upper layer. 

The surface waves comprising the 'Rayleigh 

and Love waves are distinguished from the bodily P 

and S waves in being more or less confined to the 

surface. Thus, their amplitudes decrease very rapidly 

with depth below the surface. The variations of the, 

horizontal and the vertical amplitudes of surface 

wave displacements with depth is a matter of great 

interest both in Sei'smolssgy and Earthquake Engineering. 

When seismographs are installed in bore-holes, the 

amplitudes of earthquake waves may be measured 

directly and the same considerations apply to 
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microseisms and to the recording of explosions. 

Further the ratio of the vertical and horizontal 

displacements (w/u) which are related to the nature 

of layering in the semi-infinite medium can be  

compared with observed values. Also according to a. 

dynamical theorem earthquake foci lying at a depth 

corresponding to a node of the surface wave will not 

excite that mode. The observed amplitudes of diff- 

erent modes can therefore be discussed in terms of 
focus 

the depth of the 	eee. The results can also be 

applied to the problems of vibrations of roads and 

other structures. St oneley (1958) 141 and Stonelsy and 

Hochstrasser(1957) 1151 have treated this problem for 

two uniform surface layers overlying another of great 

depth but in all cases conditions of perfect elast-

icity have been assumed. 

The present work investigates numerically the 

variaG ion of amplitudes for surface waves propogated 

over the surface of solids showing anelastic behaviour. 

DEPARTURE FROM PERFECT ELASTICITY 

The behaviour of a body is said to be elastic 

when Hook's law holds good i.e. the restoring force 

is proportional to the amplitude of vibrations. The 

equations of motion sf an elastic solid are obtained 

by equating the products of the masses and accelerations 

to the elastic forces qnd it is assumed that no other 



forces came into play. 

When dissipation accompanies vibrations in 

solid media, the behaviour is , said to he anelastic. 

Some of the elastic energy of the vibrating body is 

always converted into heat, and the various mechan-

isms by which this takes place are collectively 

termed internal friction. Thus, when a solid speci-

men vibrates, its free oscillations decay even when 

it is isolated from its environments due to the 

presence of internal friction. We can define internal 

friction as the ratio T  where VT is the energy 
dissipated in taking a specimen through a stress 

cycle and WN is the elastic energy stored in the 

specimen when. the strain is maximum. This ratio is 

sometimes called the , "specific damping capacity" 

and can be measured for a stress cycle without any 

assumption being made about the nature of internal 

friction. 

If we assume that restoring force is proport-

ional to the amplitude and the dissipating force is 

proportional to the velocity then the ratio between 

the successive free oscillation is constant and the 

natural logarithm of this rati•, which is called the 

logarithmic decrement, is taken as a measure of the 

internal friction. 

Another method of investigating internal friction 
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Which is more closely related to the problem is the 

measurement of the att enuat *n of a stress wave 

when it travels through a solid.. For a plane sinu.. 

soidal wave of small amplitude the attenuation is 

found to be exponential l exp (_ Tx) ~, where r repre-

sents an attenuation consta tt-. 
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• CHAPTER - II 

IMPERFECTIONS OF ELASTICITY 

Imperfections of elasticity are usually general-

ized in terms of perfect elasticity and viscosity. 

The ideal linear elastic and viscous elements thus 

become mathematically tractable and physically 

represent a spring and a dashpot respectively. 

The microscopic structure of a linear anelastic 

material is mechanically equivalent to a linear viscous 

and elastic element. The assumption made is that the 

properties of the smallest portion are the same as 

those of the substance in bulk. The extension in each 

element is small. Also the energy per unit volume diss-

ipated as heat everywhere is sufficiently small to 

warrant any variation in mechan i~al _properties due to 

temperature change to be neglected. 

Let us consider a spring of stiffness E and 

a dashpot of constant ,? . see Fig. (A) If P is the 

force and x is the extension, i.e. the increase in 

the distance between the ends, then, 

for the spring P = Ex, and 
dx for the dashpot P = -- - = x 

To represent a particular type of anelastic 

behaviour, the basic elastic and viscous elements can 

be combined in various ways. If a spring and dashpot 
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are considered in series, the resulting model is 

known as a Maxwell element . If these elements are 

in parallel, the m+del is known as Voigi 1171 or 

the Tlelvin Model, see fig. (1I,   Fig. (C) and Fig. (D) 

represent three and four element models. 

CORRESPONDENCE PRINCIPLE  

"If the elastic soluti"n for any dependent 

variable in a particular problem is of the form 

f = RITE exp(iwt)I and if the elastic moduli in fE  

are replaced by the corresponding complex moduli fVE  

then the anelastic solution for that variable in. the 

corresponding problem is given by f=R l  fVEexp (iwt) I 

This is known as the correspondence principle. This can 

only be used if (i) the elastic solution is known,  

(ii) there would be no operation in the anelastic 

solution corresponding to the operation it the 

elastic solution involving separation of either complex 

modulus into real and imaginary parts, with the exce-

ption of the final determination of f and f and 

(iii) the boundary conditions for the two cases are 

identical. 

COMPLEX MODULI 

Let the model be subjected to a sinusbidally 

oscillating force of radian frequency w . Also let 

sufficient time elapse for the effect of initial 
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conditions to be negligible. The extension also will 

be of radian frequency w. 

P = R PO (w) exp (iwt) 
> 	 .. (1) 

and 	x = R ix0 (w) exp (iwt ) 

where, R(-) denotes the real part of (9) and Po (w) 

and x0 (w) are independent of time and in general 

complex. 

For spring 	R ~ Po (w) exp (iwt) I. = E. R ~xo (w) exp (iwt ) 

For this equation to be valid for all 't' 

Po (w) 
x (w) 

= E 

E is the modulus of spring. 

When the model is a dashpot, 

Po (w) exp () = VR +xo (w) exp (iwt ) 

Po (w) 
and therefore, 	X W 	= iw)  

n 

For Maxwell solid IFig.-3(a) 

Since spring and dashpot are in series, let the 

extension of spring be x,' and that of dashpot be f, 

then, 

P0 exp(iwt) = E x(w) exp(i) 
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Therefore, 

P0(w) 
xo  w) - (E  + 

or 	YT 	= (E + 	 .. (3) 

YT is the complex modului of Voigt solid. 

Complex moduli for three and four element models 

can also be obtained by proceeding on the same lines. 

Stress analysis in continua mechanics is 

concerned with the simultaneous solution of three sets 

of equations subjected to given boundary conditions. 

The first set comes from analysis of strain. The second 

set comes from analysis of stress. The third set is 

the stress-strain equations. The first set depends 

solely on geometry of the body. The second set depends 

on geometry and on Newton's laws and are known as 

equations of motion. The third set i.e the stress strain 

equations, are different for different material. 

The equations of the first two sets are, 

eij 	( ax + ay) exy 

a
2. 

T 	
., (4) 

__ 
ii) pijIj +1 	 -  

at 

Considering the propogation of sinusoidal waves, we 

look for the solutions of equation 4(i) and (ii) for 

anelastic material in which all the dependent variables 

vary sinusoidally with time. 
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and. this also equals to 

d  `)) i Ix"  o  (w) exp (iwt 

E xo  (w) exp (iwt) _ 	dt  I xo  (w) exp (iwt 

= Po  (w) exp (iwt ) 

Therefore, 	xo  (w)+xo  (w) 	- 	E 	+ 

or, 	 x0 (w) 	= po (w) iE + i  V. I  

Therefore, complex moduli, 

Po  (w) 	1 	-1 
xo  w 	I E + iw 

Therefore, 
1 	-1 

where, YT  is said to be complex moduli. 

VOIGT  SOLID IFig.-3 (b ) 

Spring and dashpot are in parallel. Therefore, 

Po(w) exp(iwt) 	= E xo (w) exp(iwt) 

Po  (w) exp • (iwt ) 
	= Vx'iw exp (iwt ) 

t 	Ii 

or 	Po  =P0 + Po 

"o  = Xo  (w) JE + iw 
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Therefore, 

pi j = R I pi j exp (iw ) 

eij = Rleij exp(ivt' 

where, 

pij and eij etc.. are functions in general 

complex of the spacial coordinates only. 

Introducing the deviatoric components of strain and 

stress £ij and Sij respectively. 

1 
= eij - 	 ij ekk 

' 	 I 
1 	! 

Sij = pij - 3 8ij pkk t 	,. (6)• 

Therefore, 

Sij = YsEij 	 .. (7)• 

Pkk = Yn ekk 	 .. (B) 

From equations (6), ('7) and (S), 

eij = 	+ + 3 S̀ij ekk 

= s 
Y Sij+ 3 pkk sij 
 n 

p 	 .. (~ 1 —  1 1 1 3 (YS _ Yn) kk ~i7 
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In particular, 

e11 YS  pl1 3 	- Yn ) (P11+A22+A33 

3-ç 	 s n 
(p22  + p33  ) 

_1 2 +- I p 	1(1 - 1  )(p +P ) 3 Ys  Yn  11.)  3 YS  Yn 22 33 

.. (10) 

For an elastic material, 

	

e11 	E P11 -- 	P22 + P33) 	.. (11) 

Comparing (10) and (11) 

_ 
s 	n 

= YT 	 .. (12) 

s n 

	

(Y + 	} s Y n 

v 
n 	s  

	

= 	2Yn+  Ys 	 ... (13) 

Again from (9) 

e12 	V 	y. 712 	
• . (14) 

s 
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and for elastic case, 

e12  = 2 P12 	 .. (15) 

Therefore by comparing 

Also 	K 	3 n 	 .. (17 ) 

Equations (12) , (13) , (16) , (17), and (18)' give 

the corresponding complex moduli for anelastic solid. 

0 
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CHAPTER, III 

RAYLEIGH AND LOVE WAVE, EQUATIONS• IN 

ELASTIC AND ANELASTIC MEDIA 

When waves propagates into an extended solid 

for which the component of displacement in one 

direction is zero and that in the other two direct-

ions are independent of the previous One the solid 

under these conditions is in a state of plane 

strain. Assume a simple harmonic wave train travell-

ing in the x-direction such that 

1) the disturbance is independent of Y coord-

inat e and 

2) it decreases rapidly with distance .9 from the 

free surface. Waves satisfying the second 

condition are called surface waves. 

In an unbounded isotropic solid two and only 

two types of elastic wave can be propagated. Where 

there is bounding surface, however, elastic surface 

waves may also occur. 

Consider the boundary to be x-y plane with Z axis 

positive towards the interior of the solid. 

Let U, V and 'vY be the displacements in 

x,y and z directions respectively. The distance D 

in the medium can be represented by the sum of 
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gradient of a scaler and curl of a vector i.e., 

D= 0+7xI 	 ,I,. (1). 

where 0 is a scalor potential and 4T Is a vector 

potential and ID is a function of 	, V and W. 

Since the displacement is independent of y 

8 	a t2  U= 	- az 

V = 	-  aZ 	ax 

a  
and  

Stress at a point is given as, 

pij =981 + 2/.Aeij 	 .. (3) 

where, 

8 is cubical dialatation, 7 and ;V are Lame's 

constants and Sij is cronecker delta, i.e. 

b jj = 1 for i= j 

= 0 for i 	j 

alI + . aV + 8111 
r  ax 	ay 	az 

E  
(1+a-) 1-2 G.' 

= 	
E 	 .. 3 (a) 

2 	
•

1 +Q..- 
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where, 

3 is the Poisson's ratio and E is the 

modulus of elasticity. 

Equation of motion is, 

öa 	_ X + aX Txx + ay Txy + a z xz 

at 2 = e Y + ax T yx 	ay 	
+ TYY + a z T YZ > 	(4) 

and a _ + T +f.-  y zt az zz 

where, X,Y, Z are body forces in x,y and z directions 

respectively and f is the density. 

From (4) and (3) we get, 

= (T+/) ax + 'u~ u 
at 

X22 	( + ) a0 	 2v 	> 	.. (5 ) 
at 	y 	I 

a = (+)  

From (1) 

= (aXJ + 	+ a 	) _ V.D = ~7 	•. • (6 ) 

From (5) and (6) 

2 

2 
at = ( \ 1k) (V( `c 0)) +/j p2 (70 +v x ) 

0 
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or 	2 ( 7 0 + v x) _ (+) (c 2 ) +,Ct ~7 ( 	+~ x ) 
at 

(7r 

It can easily be seen that equation (7) is satisfied 

only if 0 and 1T are the solutions and they take the 

form, 

a at 

p at 

2 V  _ 1 a2V 7 2 aat7 

where, 

a = / +2 

and 	a =_.- 	 .. (9) 

Equation (9) indicates that two types of disturbances 

with velocity a and a may be propagated through an. 

elastic solid. 

Solution of (8) can be written as, 

Ø =Aexpqz+i(_kx) 

B exp,- Sz + (wt-kx) I 	> 	.. (10) 

V = C expI+ Sz + &(awt - cx) 
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where, 

2= k~-ka 
ka = W /a 

., (11) w = c.k  
S2 = k2 -k2 

k~ = w/( 

RAYlEIGH WAVE 

According to the theory given by Rayleigh 

for surface waves on the fr e surface of a semi- 

infinite elastic solid, the motion becomes negligible 

at a distance of a few wave lengths from the siir_face 

Solution (10) takes the form, 

0 = A exp _ ~.z+i (wt -kx ) 
> 	 ., (12) 

= 13 exp' -S z+i (wt -kx) 

provided c <t~ <a 

In a similar way the SR component takes the form, 

V = e exp ~ -S z+i (wt -kx) I 	 .. (12a) 

provided c<8< 

The sign has been chosen so that the potentials 

approach zero as z tends °° 

In order to obtain constants A,°,0 apply the 

boundary conditions. 

i) All stresses must vanish at z=0 

i.e. pzz= p5 = pzy = 0 at z=0 	 ., (13) 
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From (3) 

pzx =2~ jeij =2 axaz + 	- 	- 0 
ax 	aZ 

2 	2 
AND 	pzz - 	~ +2 ~k(4 + a Z). 

aZ 

av 
and 	pzy = 2 e Zy = fLJ a z 

Equating these stresses to zero at z=0 we'obtain, 

i) C 	= 0 

ii) A(2iqk) 	(k2 +~ 2 ) = 0 	 .. (14a) 

iii) A (~ + 2 ) q2 - Tk2 I + (2. ik$ 1 = 0 

Eliminating A and T from 14 (a) an'.. putting for 

q and S we get, 

2 6 4 2 	2 	2 	1 •I 	-8 S + 1; (24-16 r~ )+16 ( 17 -1) I = 0  

where, 
= c = 

k 

and 
 

• This represents Rayleigh wave. 

One root of ` is that = 0 i.e.  c=0, this gives 

that equation (10) is independent of time and U= w=0. 

Hence, this solution is not of interest. Therefore, 

-8 4+1(24-16 x, 2 )+1C)(v 2-1) =0 	.. (.i ) 
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In (10) if we put ' = 0 we get negative value 

because I < 1 and if ~ = 1 we get positive value. 

Thus there is always a root of T if 0<c <G3 <a and under 

these conditions surface waves can exist. 

LOVE WAVE 

Then a 'homogeneous layer is bounded above 

by a plane horizontal free surface and below by a 

parallel boundary at a finite distance away, surface 

waves of SH type can occur at free surface. This was 

shown by Love in 1911. 

Since only SH component occurs, Equation (10) takes 

the form for medium M, 

= C exp ~_Sz + i (wt-kx) l for O~z<a./ 	.. (17) 

For medium P~1 

V = C1 exp-i.S1z + i (wt-kx)+F1 exp jiS1z+i (wt-kw) 

.. (18) 
for 0~z<H1 

where, 

S2 =
- 
k2

} 
k2 

1 	P1 
_ w k -  

c31  Pi 

P1 is shear wave velocity in M1 

Constants C, C1, F1 are determined by boundary condi-

tions which are, 

(a) The displacement at the boundary surface 
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must be continuous at all times and 

places. 

(b) Stress across the boundary surface between 

M and M1 shall be continuous at all 

times an ~t places. 

(c) All the stresses at free surface will be 

zero. 

Or we may write 

from (19a), 

VM = V 	at z = 0 
1 

_. (20) This gives C = C1+F1 

from (lob), 

av 	_ 	av I 

	

Z nli 	~^ az I142 at z = 0 

or 	-,SC = 	I S1Ci +1(1i i S1F1 .: (21) 

From (19c) 

/ 	aZ I 	=0 	at z=°H1 
M1 

or -i 1 5101 exp' +iH1S1 + i (wt_kx) 

+ j `t1S1F1 exp [-1H1S1+i (wt-kx)~ = 0 

or C1 exp jiH1S1+i (wt-kx) l = F1 exp ~-iH1S1+i (wt-kx) 

.. (22) 



To eliminate C, C1, F1 from 20, 21, and 22, 

from (2 0) and (21) 

Cl 	a1iS1+ S 

F1 	Al 	S 	
.. . (23) 

Again from (21) and (22), 

C1 	exp --iH1S1+i (wt -kip) 

F1 = 	exp iH1S1+i (wt-kx ),~ W 	 , 

exp -iHiS1 

	

- 	 .. (24) 
exp ~ iH1S1 

From (23) and (24), 

,LL1iS1 = exp (-iH1S1).+exp (i H1S1) 

exp (-iH1S1)-exp (iH1S1 )•-• 

or 	,S = 	 S1 tan (H1S1) 

or,)S _/iS1 tan(H1S1) = 0 	 „ (25) 

Substituting for S and S1 we obtain, 

2  2 

	

1- 	-~~. 	/ 	_ 	tan(kH 	C 	- 1) = (0 

.. (26 ) 

Therefore from (26 ), SH surface wave can exist if this 

equation is satisfied i.e. 

61 <C 

or in other words the velocity of S bodily wave 
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in the lower medium M must be greater than that 

in P,~1 and the wave velocity c of the love waves 

must lie .between 	and 51 . We can also see from (26) 

that c is dependent on. the k, i.e. dispersion of Love 

wave will take place. 

It is eviient from (26) that for k to be 

very large c approaches 61 and for k to be small 

o approaches . For anelastic media solution of Rayleigh 

and Love waves can be obtained by Correspondence 

principle. For anelastic case we have to replace E by 

YT. 

Ra leigh Wave Eguat ion 

Equation remains the same as for elastic case 

i.e. 

6 - 8 ~+ 'e (24 - 16 yl2 )+16( 2-1) = 0 

Here, _ _ 
- 

=  
~.~ ~ 2 c~ 	2Yn i 4Ys 

Yn—Ys But 	- = 2Yn+ys 

Therefore  

2 	2 	2 
Also 	= c  w 

= k 

Therefore k = ' 

	

	 .. (28) 
- s 
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ye have to replace Ys in terms of YT, YT being 

the complex moduli as given in eqn. (2-12), 

YT = 	+ 	)~-1 = (1+c)  Y 5 
r 	Ys Yn J 

• • (2 9 ) 
YT = (1-2 )Yn 

Hence, 

For Maxwell solid, 

1•
(31) 

and for Voigt solid., 

YT = (E+iw ~) 	 ,. (32) 

LOVE WAVE EQUAT ION 

Considering the ca.s.I, when media n~i1 is 

anelastic let us denote it by suffix 2 '(e . g. M2) .. 

Thickness of the layer is ~I2. Then eqn. (2s 26) takes the 

form, 

-A2  / 	- 1 tan k H2  

(33) 

where /L2 is complex moduli for medium N2 and k 

is also complex. 

Now /-2 = 2 Ys = 2 T+r) YT 	 (34) 

CorresponUing..values of YT from eqn. 3-311 and 
13_321 for Maxwell and Voigt solid are substituted in 
3-34 l and then in 3-33 ( to give Love wave equation. 
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CHAPTER IV 

REDUCED RAYLEIGH WAVE EQUAT ION 

Rayleigh wave equation as derived in last 

chapter equation (3-16) is 

2(24 15  2 )+15(' 21) = 0 	(1) 

We may write it as, 

2 (16_16 2 ) +15 8 -S 4+24 2-16 = 0 

or 	
~ „ 

2 	i6_242+8 14_ 6 - G 
	 . , (2) 1 	2 

16(1-- ) 

Therefore, 
/ 	4- 

16 (1- 2 ) 

Since e is always less than 6, 	is always less 

than unity. 

From (3) we can obtain a plot of 	vs . 

We can also solve this equat ion (1) for 	for different 

values of YJ . The computor prograimne is written for 

this and the results are obtained . 



= .95529 

0.00 0.95529 0.00 

0.05 0.95520 -0.00009 

0.10 0.95465 -0.00064 

0.15 0.95393 -0.00136 

0.20 0.95274 -0.00255 

0.25 0.95111 -0.00418 

0.30 0.94904 -0.00525 

0.45 0.94634 -0.00895 

0.40 0.94286 -0.01243 

0.45 0.93835 -0.01694 

0.50 0.93249 -0.02280 

0.55 0.92473 -0.03056 

0.60 0.91416 -0.04113 

0.65 0.89936 -0.05593 

0.70 0.87789 -0.07740. 

Maximum value of 	has been taken as 

0.70 because for 	higher than this, Poisson's ratio 

becomes negative and no material yet has been obt-

ained with negative ''oisson's ratio.14! 

In order to make the first value equal to 

zero, o  = .95529 has been subtracted from each 

value. A Log Log plot is obtained for (T- 	)vs. 
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For 0~) <.40, we get one straight line and for 

values .40'Y <.?, we get another straight line. 

Each straight line will give an equat ion of the type 

Y = kxm i.e. 	- 	= k 	. pub x=1, we obtain k 

from the graph and the slope of the line gives the 

value of m .Exact results are obtained by ad just ireg 

the values of constant k. 

From graph, 

for 0<1<.4 

_ .95529 - (.1+.05 	
. 

) 	 .. (4) 

-.nI for .4 <-7 :7 

.95529- (.12+.1 	
) 2.83 	

• . (5) 

Equations (4) and (5) are reduced Rayleigh 

wave equation and these give results correct to 

third decimal place. 
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CHAPTER-V 

ANALYSIS OF RAYLEIGH AND 
LOVE 'i~VAVE EQUATIONS 

Equations of Rayleigh an Love wave have 

been derived in Chapter II ani are given by the 

equet ions (3-16) and eqns. (3-26) . Values of f, and 

are given in terms of modulus of elasticity and 

Poisson's ratio in equation' (3-3 (a) . 

Rewriting them we have, 

1-2Eo-)(1+~- ) 

= 2 1+ ~--) 	 .. (1) 

Therefore, 

1 +2,U-  
(1-2 	) 1+) 

Therefore, 

	

_ 
	

/E (1_r- 	X 
Ji 

and 	ç3 	_ 	/ 	= 	x 1 

-~~ J2+) 
.. (2) 

Let us represent 	as the ratio o 	/a 

_ _ / 1_2cr- 
a 	_/ 2(1- 	 " (3) 
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RAYLE IGH i1AVE 

(1) Elastic.   Case 

Rew±'it ing Rayleigh wave equation 

2(24152)+1(21) = 0 	.. (4) 

From equation (3), values of -~~ are obtained for Jiff- 

eYont values of Poisson's ratio 	 ratio 

is varied from zero to 0.45 at an interval of 0.05, 

and for each value of 	, value of 	is computed from 

equation (4). 

Computor programme of this is writteniand the 

values are comput ed...A graph is plotted between 

(1) 	and o-- and (2)y and s-, as shown in Fig. (1).(App.A) 

Since= 	, the velocity of propagation of surface 

waves 18 thus independent of the frequency for elast-

ic case and depends only on the elastic constants of 

the material. Thus, there is no dispersion of these 

waves and a plane surface wave will travel without 

change in the form. 

In order to calculate the displacements U and 

W from equation (2) 

8x 	a z 	> 	 .. (s) 

and W=  

Here, '2 is taken as t because other two components 

1. Appendix R-I 
2. For results see Appendix C 
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of, III do not come into play. Substituting for 

and t from equation (3-10 ) 

U= -  A ki e-aZ - 3 S e_S z l exp J i (wt - kx) ~ 

and W= - I A q e-qz + Bik e Z 	exp i (wt _kx) 

From 13-14(a) 

B = A 	2 I 	 .. (7) 
k+S 

Substituting in (6) and taking only the real part, 

U = Ak(e-q z - 2- + — e-Sz Isin (wt - kx) 	.. (8) 
k S 

2 
and W = _Aq I e-9.z - 2_, k 	e-S z cos (wt -kx) 	.. (9) 

k + 

The rate at which the amplitude of the displace-

ment along the direction of propagation decreases with 

depth depends upon the factor, 

T- = I e-qz - 2___2 e-S z 
x 	f 	k +S 

.. (10) 

Similarly the rate at wich the amplitude of the motion 

in a direction normal to the surface decreases with 

depth depends upon the factor. 

kz =  e -qZ + 	
2 e

-sz 	.. (11). 
k +S 
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q2 	2 = k-ka q 

ka = w 

kR = w. 

p 

Therefore, 	2 

12 	k2 1 -- it 2 + -- 
k R 	k 

= k2 1 - 2 iJ2 

Similarly, 

S2 = k2 k2 

= k2 (1-12 ) 

k 	_2it 
- c 	L 

.. (12) 

.. (13) 

where, 

L - wave length of Rayleigh wave, 

Therefore, 

2 	= 	2 2 	 .. (14) k +S  

and 

2aS ~ 	2 	2, 2 J 	2 k -_2 _ 	2--rte-- 	(15) 
f 

Therefore, we can write eqn. (10) and (11) as- 

_ 	 z 	21f1-  
7X = exp24 1 .- 2 }2 	L I - 	

2 
2  ~' 	 2- S 

•exp- 2 	- . L I 	,. (16) 



and 

Wo = Aq  -2 	-- 1 
2_ 

... (19') 

~. 34_ 

and 

- exp l -2 lj1 	T + 	exp I -2 1~ 1_ 	TJ 

. (17) 

SinceY1and 	are knowia for values of ??oisson's 

ratio, 	and 	from equation (15) and (17) is 

calculated for each value of poisson's ratio.For a 

part icular value of z/L which varies from.. zero to 

2.00 with an increment of 0.1. Results  are plotted as 

shown in fig. 2 and 3. 1 Appendix A 

Let U. and ,~Io be the values of displacement 

at  

Uo = Ak (1- 	-- ) 
k +S 

= Ak (1.- 2~1 	-- • 	- •. 	._ 
2 _ `Z 

.. (18) 

Then, 
e-qz..- -2a 	e°Sz 

U 	k +S 
U

o 
y 1_ -F_ -- 

 

2 2-- e'sz 
W __ 	k +S 

`vo 	 I-2k2 - 1 

... (20) 

., (21) 

e`qZ _ 	2 
U 	k 	k +S 

Wo 	 q 2k2 	Z) 
.. (22) 



e-qz - ?.c_  S 	e-S z 
U_ k 	k 2  
VV 	- q 	e-qz- 2k 	 .. (23 ) 

e 
z   

k 

From equations (20", (21), (22) ,, and (2), we obtain 
U/Uo  9 'U/v 0 , U/.V0  and U/N for different values of 

Poisson's ratio and different values of z/L; z/T, 

varies from 0.0 to 2.00 with an increment of 0.10. 

Results3are plotted as shown in Fig... 4, 5 , 6, 7 (App.A) . 

4 obtain 7- Computer programme is written.   
x 

(z 1 U/Uo,  ' /wo, w/wo  ,. u/ 71 against z/L for different 
values of Poisson's ratio. 

RAYLEIGH VAVE IN MAY'A'ELL SOLID 

From equation (2_2), for maxwell solid, complex 

moduli is given as 

_1 

YT 
= I 1  +1  

E 

Also from equation (3-29), 

YT  = (1 + G- ) ys  

Therefore,Y5  = 1+—" 	+ 1 	 .. (24 ) t`E 	iwy 

We know that, 

Therefore, k = w  

3. See Appendix C- 
4. See Appendix P-.Z1, IV, and V. 
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But = Ys 

Therefore, 

= vv 	2 1 + 

	

(E 
_ + 1 	1 

 1W 2) 
= w 	2 1+~) 	+ _E 1/2 

iw -7j 

= 	
( 1 

+ E_1/2 
.g Jam- 

Since T.- is less than unity 

k = Jr (i+ — + .... ) 

The higher powers of E are neglected as  <1 iwy 

Therefore, 

k = - IZ(1 	1 iE ) 	 .. (2r ) _/ 	- W , 
Therefore, 

Taking real part of q 

_ R Iw J~ 1- 1 ) /17  

where, 
f = R4z1 denotes the real part of z.. 

Therefore, 

q 	1~1 	 •.. (27) 
r 
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Similarly, 

S - 	2 1+ 	 1 iE 
E 	(1 - 

Taking real part, 

S = 	_/L 1~ 1 2 .. (28) 

From (27) and (28) we see that these values are 

same as for elastic case. Therefore the values of 

U/Uo , U/wo , '. /,W 	, 	U/",V, and T will remain same 

as have been obtained for elastic ase. 

From (26), the velocity of Rayleigh wave is 

obtained as, 

.. (29) 
R I k I 	_ 

This equation indicates that dispersion does not occur 

even the media is made of maxwell solid. 

The imaginary part of (26) gives the attenuat-

ion which indicates that attenuation a ener_ds upon the 

ratio of E i.e. the ratio of spring constant to the 

dashpot constant. 

RAYLEIGH WAVE IN VOIGT SOLID 

From equation (2-3 ), for Voigt solid, 

yT = (E+iw-0 

Therefore, 



Therefore, 

k =W ~2 	_w 	2r çi+~) 
2 Ys 	/ (E + iwy 

or 	
k =f 	

2 1+~ _ (E_iwv ) 

= w r 	1+ --2)E (1 _ iE 1/2 .  

—/ E +w-) 

For Voigt solid EjJ< 1 

Therefore, 

k = w 	i+ '~._ 	(1- 	Ew ) 	(30) 
E(+ w 	) E 

the higher powers of l- have been neglected. 

The phase velocity of Rayleigh wave is thus, 

V - 	w 	_ 	 (1 + - 	) ' 

	

R - R I k! ^ 	
E 	w ~ 

 _/ 2 1+~7-)' 	v E 

or 	VR = 	(E ) 	 .. (31) 
T 

Equation (31) is solved5 for given values of 	and 
with time periol varying from 0.0 to• 1 sec. 

at an interval of 0.1 sec. Hence, we obtain a graph 

between Vk and Time period for a fixed value of 

Poisson's ratio and for E/1) varying from 20 to 100 

5. Results in Appendix C_ 	and computer programme in 
Appendix 3-VII 
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with an increment of 20. Similar results are 
obtained for different values of poisson's ratio. 
(See Fig.8 and 9(Appendix A)l. 

Rewriting equation (30'); taking real part 
only, 

k=- ~1+~ 
E (-+ _ ) 

E 

w 

27E 
i/( 	~) 	 •• (32 ) 

E 

Therefore, 

and S = 2 .. (34') 

E2 

Therefore, 

U = Ak e-qz - 	e 	z k 4S I sin (wt-kx) 	(35) 

and 	W = .AgIe 
2 

-q~ - 	2--k--,- e-Sz Icos(wt 
k +SN 

-kx) 	.. 	(36) 

Uo and Wo = value of U and , V at z=0 

or 	Uo 	= Ak~1 - 	- 	I 
k +5 



and 

Wo =-Aq1- 2- 2 
k-hS 

4. 

.. (38) 

From (35), (36), (37), and (38),U/U0 , wvlwo , U/w 

is calculated for a particular value of Poisson's 

ratio, which gives values of I and l• , and for a 

particular value of (VF ) with Z varying from 0 to 

2.00 with an increment of 0,1. Similar sets are 

obtained for different values of 0- and ~ A prog- 

ram6is written to compute the values. see Appendix P- 1 
and results are plotted See Fig. 10,11,12 (Appendix A)j. 

LOVE WAVES 

Elastic Soli.d- 

Fqn. (3-26) gives the equation for Love waves 

in elastic solid. 

Rewriting the equation, we have 

G 	_ 

tan (kH1 V (c2/(~ 1 = 0 ~ 	R1  

.. (39) 

In order to calculate the displacement V, 

V = C exp (-ikz
J 
	)+~Fj  exp (ikz

/ 	
~1) 

	

exp i (wt-kx)  	(40) 

Let Vo be the displace~m~mt at z=0 

Vo = (C1+FI ) exp Ii (wt-kx ) 

6. Appendix B-VI 
7. Appendix C- 

. .. (41) 

105(44 
i;'. ,?'Y 91V'PER iry  
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Therefore, 

V = C +F exp 4kz / —1) 
0  1 1  - P1 

- exp (ikz 	1) 	.. (42) - 
1 1 	R1 

From equation~3- 

e1 	exp (_iH.1S1) 
.. (43) 

F1 	exp (iH1S1 ) 

Therefore, by componendo and dividiendo, 

Cl 	cosH1S1-isinH1S1 

	

C1+F1 - 	2cosH1S1 

	

= 	- 2 it anH1S 1 	 .. (44) 

Similarly, 

F1 	CosH1S1+isinH1S1 

C1+F1 - 	2cosH1S1 

_ l  1 
 + 	itanHS1 	 .. (45 ) 

Taking real part of V/Vo , we have; 

V 	= cos (kz 	1)-tan H S1 sin(kz /- 1) 
P1  - R1 

or 	=(2 Z /cam— j 	u~ Vo 	cos 	-1)-it an (2 7u 	R2 -1)' 

	

Z 	 1 

sin (2 Z - 	) I 	.. (46) 
(31 
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Equation (4.6) is solved for a particular 

value of c/61 and H1/L and for different values of 

z/L. Similar sets are obtained by varying first the 

ratio c/ and then the ratio H1/L. 

Computer programme8is written to compute 

the values see Appendix B 	),- and results9 are 
obtained and plotted see fig. 13,14,15,16,1? -App.A . 
Anelastic Case 

Let us take the case when overlying media is 

anelastic. Let us call it as media M2 with a layer 

thickness H2. Love wave equation for such a case is 

obtained by using ,L2 in place of /).1, X32 in place of 

p1 and H2 in place of H1 in equation (39) . Therefore, 

we obtain, 

- 	ys 	1 ! tan (k H2 	-1) = 0 

2 	R2 

because ~-'~2 = 2 Ys 
Y~

• TT 

 

ow 	 Y 

(47) 

where, YT is the complex moduli for anelastic medium. 

Maxwell Solid 

When M2 is maxwell solid, 

1 + 1 -1 
YT - (E 	iw ,~ } , 

therefore, 

ys = 	
+ 
	(1+ E)-1 	 .. (48 ) 

8. Appendix B- I I 
9. Appendix 0- 
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and when M2 is Voigt solid, 

Ys = Z+~) (1+ iw-1) 	 .. (49 

Equation (47) becomes, for Voigt solid, 

4 - 
	iw~ 	 c 2 1+~) (1+ E ) / 1 tonkH2 2 -1 = 0 

.. (50') 

and for maxwell solid, 

(1+ 	
)

)_1 
J 	tan kH 	1 

P  P2  R2 
J 0 

.. (51) 

Equation (50) and (51) represent Love wave in Voigt 

and Maxwell solid respectively. 
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CHAPTER VI 

RESULTS AND CONCLUSION 

The study made so far relates to both 

Rayleigh and Love waves. Special attention has 

been given to visualise the variation of horizontal 

and vertical components of the amplitude of dis- 

placement with respect to depth when the media 

is i) elastic and ii) anelast ic. 

Rayleigh Wave 

The theory of Rayleigh waves was first given 

by Lord Rayleigh in 1887. He showed that the free 

surface of an elastic homogeneous medium can support 

a , disturbance involving displacements in a vertical 

plane along the direction of propagation in the form 

of a retrograde ellipse and propagating with a vel-

ocity which was about 0.9 times the shear wave 

velocity in that medium. The theory was extended by 

various other authors to cover the cases of layered 

semi-infinite media. The results indicate that in all 

but the simplest case assumed by -lArd Rayleigh, 

these' .waves suffered dispersion. 

For the elastic case the following numerical 

results have been-ebtained for Rayleigh waves. 
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1.• Reduction of Rayleigh wave equation into 

a simple form. 

2. Variation of horizontal and vertical 

components of displacement with reference to 

depth U/Uo vs. z/L . 

3. Variation of the ratio of horizontal 

to vertical components of displacements with respect 

to depth. 

The Rayleigh wave equation which is 

a sixth degree equation in c/R , is reduced to 

two simple equations for O<'1<.4 and  

Since y~ is purely a function of Poisson's ratio even 

for the anelastic case, given 07 for .a particular 

value of - , the values of I can be obtained which 

give values correct upto three decimal places. 

From figure 1 it is obsery d that c% varies 

directly with Poisson-'s ratio. c/R Increases with 

increase in Poisson's ratio whereas' = a/a decreases 

with increase in Peisscn's ratio. 

It is observed from the plot of U/Uo vs z/L 

Fig. 5 App.A! that the horizontal component of the 

displacement initially decreases with increase in 

depth and then attains a negative value. At Z=O.41, 

the direction is reversed and approaches zero as Z 

increases further. It is also observed that the rate 

of change of amplitude increases with increase in 

the Poisson's ratio. Beyond Z=1.5 L the amplitude 
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is negligible. 

The plot of w/ w0  vs Z/L +Fig.7 Appendix A 

indicates that the vertical component first 

increases with increase in depth and thereafter 

it decreases rapidly and approaches zero at about 

Z=2.00 L. Also the initial increase, in amplitude 

increases with increase in Poisson's ratio, i.e. 

with increase in the Rayleigh wave velocity the 

amplitude increases upto a depth given by Z=O.1L,. 

From Fig. 2 (App. A) it is clear that rate of 

change of amplitude decreases with increase in the 

Poisson's ratio, i.e. with increase in phase veleicity, 

the amplitude. gradient decreases. One very remarkable 

point to note is that for nearly all the values of 

Poisson's ratio , the amplitude is the same at Z=0.1 

times the wave length, irrespective of the initial 

amplitude. The horizontal components changes sign 

between Z=0.15 and Z=0.25 times the wave length and 

increase rapidly with increase in depth upto Z=.4L; 

thereafter they gradually decrease approaching zero. 

From Fig.4 (App. A) it is observed that. the 

ratio of the horizontal and vertical component 

decreases with increase in the Poisson's ratio. This 

ratio becomes negative for Z>0.15 but negative values 

are nearly equal for 0.4<Z/L<0.6 and thereafter the 

gradient decreases with increase in Poisson's ratio. 

Analysis and computation have been carried 
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out for anelastic media also represented in 

particular by the Maxwell and Voigt solids. 

The results indicate that there occurs no change 

for Maxwell solid so far as the variation of hori-

zontal and vertical components of displacements are 

concerned but the attenuation becomes dependent on 

frequency.. 

For Voigt solid from fig. (8) and (9) App. A' 

it is observed that the phase velocity is dependent 

upon values of E/-y f~+r a fixed value of ?'oisson's 

ratio. The rate of change of velocity with frequency 

increases with increase in E/-) . Also the velocity 

increases with increase in -Poisson's ratio. 

So far as the variation of vertical and 

horizontal components is concerned, it is of the 

same nature as for the elastic case.From Fig.12IApp,.A 

U/W increases with decrease in depth. For all the 

values of Poisson's ratio, which have been tried, 

U/w attains a negative equal value at about Z=0.4L. 

LOVE -WAVES 

The study of Love waves here represents 

the variation of amplitude with respect to depth 

See . Fig. (13 to 18) Appendix A. Then the •ve.rlying 

layer is elastic and homogeneous, the variation 

depends upon the value of c/Q i.e. the amplitude 

increases with increase in the value of c/B. Since 



for Love wave to exist , Q <c<@, a number of curves 

have been plotted for different values uf the layer 

thickness. 

• The following observations are made. 

i) With increase in c/B the ,amplitude of 

the displacement increases. 

ii) The total number of nodal plane 

increases with increase in the layer 

thickness. 

iii) The Love wave equation shows that phase 

velocity is dependent on the particular 

value of k, so that in the present boundary 

conditions, there will be disperson of 

a general wave form. It is seen from the 

equation that if k is small, c approaches 

i.e. the velocity of the 1.--iger Love 

waves approach the velocity of S 3odily 

waves in M. Also- if k is large, c tends 

to P1  i.e. the velocities of very short 

waves approach the velocity of S bodily 

waves in the up.per medium M1. 

Then the upper medium is anelastic, 

the k becomes complex and the variation 

of amplitude of displacement depends on 

its real part. 
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FIG.2 _ RAYLEIGH WAVE IN ELASTIC MEDIA FOR 
DIFFERENT VALUES OF POISSON S RATIO 
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FIG.6_RAYLEIGH WAVE IN ELASTIC MEDIA FOR 
DIFFERENT VALUES OF POISSON'S RATIO 
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DIFFERENT VALUES OF POISSON S RATIO 
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FOR DIFFERENT VALUES OF E / v 
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FIG 10-RAYLEIGH WAVE IN ANELASTIC MEDIA(VOIGT SOLID) 
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FIG.13-LOVE WAVE IN ELASTIC MEDIA (H/L =2 00) 
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FIG.14_LOVE WAVE IN ELASTIC MEDIA (H /L= 5.00) 
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FIG.15-LOVE WAVE IN ELASTIC MEDIA (H /L =10 00 ) 
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FIG.16_LOVE WAVE IN ELASTIC MEDIA (H/L=30.00) 



FIG.17-LOVE WAVE IN ELASTIC MEDIA (H/ L 50.00 ) 
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FIG.19_RAYLEIGH WAVE IN ELASTIC MEDIA 



1.0 

0,1 

0.01 

0.001 

0.1 	 T•0 	 10 `n 	r 

FIG 18 _REDUCED RAYLEIGH WAVE EQUATION 



kFIENDD --9 



[ [ RAYLEIGH WAVE SIGMA cTA ZY PLOT 
PI=3°l4I5926 
SI=O^ 

32 	P=5OPTF(<l^SI^-3I)/(2° —ST-5l)) 
QP*p G oIT~(PI/3w)*2"  
A=16,*(10D) 
P^~(Z4^I6*O)/3^ 
C8/3° $ Die 
H~A*C=B*0 
G=A*A*D~3p*A*B*Cf2"*(B**9) 
E=G*G/44+H**3 
IF(E)2O^20,2I 

	

20 	F==G/(2**SORTFC-~H**3)) 
IF(Iw+F)2?,22v23 

	

23 	R=(l°L^F)/(IvfF) 
7.A=20*SQRTF(~~H) 
5~SQRTF(R}  
TH=2o*ATANF(S $ THT~TH/3* 
GO TO 50 

	

22 	TH= PT $ Z4=2"*SQRTF(=H) 	$ THT=TH/9,0 

	

50 	Zl~{OGF(THT}*ZA 
Z9=Zf*C0SF<THT^-PTT> 

Z2 	ZA* COSF<PIT+THT) 

X2=(Z2—P)/A 
X3z(Z3~B)/A 

IF(XI)Z4,24,25 

	

25 	XA=SOATF(Xl) 
ZX=l*/XA 
PUNCH 20C,3I,ZX"P 

	

200 	F0~~AT(~Xr~H~I=,FI~°9p9H~X=.Fl5°~~2HP=,FI5"5> 
GO TO 51 

	

24 	PUNCH 20I,OvXI 
201 	FOPMAT(5X92HO=~F1063,3HXI~+FI5"4) 

	

51 	IF(X2)2E+28,27 

	

27 	XP=S(JRTF(X2) 
2Y=1^/XP- 
PUNCH 202,SI"ZY,p 

	

202 	FOAT<5X,3H5I=,FIO*9,3HZY=~FI5°5,2HP=°Fl5°5> 
GO TO 52 

	

26 	PUNCH 203,Q*X2 
CDI'7~ 



203  FORM.AT(5X,2HQ=9Fl003,3HX2=9F1504) 

52  IF (X3)28928,29 
20  XC=SQRTF(X3) 

ZZ=lo/XC 

PUNCH 204sSI,ZZ9P 
204 	FORMAT(5X93HSI=,F10, y93HZZ=,F].5o5,2HP=gF:15o5) 

GO TO 53 
28 	PUNCH 205,Q,X3 
205  FOR!IAT(5X,2HQ=,F100393HX3= Fl504) 

GO TO 53 
21  T=SQRTF(E) 

TT= Oo5*G 
U=TT+T 
V =TT--T 
Z~U*-3 TA+V* y TA 
X=(Z°e)/A S XX=X 
IF(X)3C)930,31 

31 	XR=S@RTF(X ) 
ZR=1./XR 
PUNCH 2.06•SI,ZR,P 

206  FORMAT(5X,3HSI=9F1C.393HZ.R=9F15o5,2HP=9F15.5) 
GO TO 53 

30 	PUNCH 2O790,XX' 
207  FORMA,T(5X92HQ=,F10o393HXX=9F15o4) 

53  SI=5I+o05 
IF(SI—m5)32933,33 

33  STOP 
END 



C C 	LOVE '-!AVE PROPAGATION. ELI,,STI: SOLID 
PI=3o1415926 -`' TPI=2o „, PI 

23 	READ 10' ,HL ?.I 
100 	F07`4 A T (2F 1 !.) . 3 ) 

A=1a1 
22 	ZL=I`o 

F=SoRTF(AisA-10)*TPI 
CIA=COSF(HL*P) 
AC 1 o / (AA* AP ) 
C.=SQPTF(AO-10 ) 

20 	RR CCSF(B ZL) 
G=SINF(P ZL) 

VVO=RR+C*C 
PU(-1Ct--i 2 ',ZLsVVO4A9HL 
ZL=ZL+AI 
IF(ZL—HL)2C°,20,21 

21 	A=A+01 
IF(t—lo5)22,22o23 

200 	FCCf?”'AT(5Xg3i-1ZL=eF10.3*5Xs4F/V0-BFI..-)c395X93HCr'.= 9F5a3~~X•,F.',,: 
END 

1fle0O 	1 oOOO 
20,00; 	2 o fl (i 
30oOO 	3m CG 
50oQO 	50C. C` 

/~  ~  4/^ 

1 t~ ~ O 1.!'N 

C C 	RF.YLEIGH YAVE PRGPAC^,TION VAXV!ELSCLID ZL U(KC. :'3 ZI ,::.T,': 
21 READ 	10 00, 	SI s 	ZI t 	FTA 
100 FC!PMAT(8X,F1.Os3 s3X,Fl50 +2X9F1`3o5 

ZL=Oo 	$ 	(P1=3.1415926 	33 TPI=PI+PI 
A=SORTF(10_ 'TA*FTA*ZI=,ZI 
n 	St FTFt1Q-ZI','.7-I) 

20 C=EXPF (—A*ZL* IP I ) 
D=2o*A*E?/(2.—ZI *ZI ) 
E=EXPF(—B*ZL4 TPI ) 
DUO=(C—D*~)/(1.--D) 
F=2n/(2.—ZI*ZI) 
1 ,1.+ 0= { C—F*E)  
PU"NCH200 'sZL,ULUCat.<I0 	ZI,FT!''s5l 

2.00 FQ^'.1AT(3F1f , o5e5Xe3F10o °' 	1 
ZL=ZL+o1 
IF(ZL-2.1)2',21,21 
STCP 
END 

SI = 	0.0.'?C ZX= 07403P= 7711 
5I= 	.G5OZX= .8839P=  
5I= 	o10GZX= 08:;311P= 06(.667 
SI= 	.155LZX= ,90222P= •64169 
5I== 	e2C OZX= 091100P= 061237 
5I= 	02507_X= 091940= 057735 
51= 	4300ZR== 0^2741P= 053452 
5I= 	.35,.'ZR= 093~01P= a 40033 
51= 	04302R= .94220P= * 60825 
5I= 	.450ZR= e94b9SP= 030151 



C 	C RAYLEIGH WAVE PROPAGATION MAXVELSOLID UW—ZL 	PLOT 
21 READ 	100, 	SI9 	ZI 	ETA 
100 FORM.AT(8X9F1.O0393X9F15,5,2X9F1.5,5) 

ZL=Oo 	$ 	PI=3m1415926 	$ TPI=PI+PI 
A=SQRTF(I0—ETA*EE TA*Z I*Z € 
(B=5QRTF(1 	ZI*Zi ) 

20 C=EXPF (' A*ZLy TP I ) 
D=20*A*B/(20-ZI*ZI ) 
E=EXPF (—B 	ZL*TP I ) 
F=20/(2oyZ.I*ZI? 
UW= (C 	D*E) / (!'A.* (F*E--C) ) 
PUNCH 	2019ZL,UW,SI 

201 FORr\IAT(5X,F100595X9F10 S95XpF10e5) 
ZL=ZL+e1 
IF(ZLA201)2C921921 
STOP 
END 

SI= 	0e00GZX= o87403P= 07077.1. 
SI- 	o050ZX= 038369PL 68£325 
SI= 	G100ZX= 89311P 66.67 
SI= 	A150ZX= G90222P= o6416' 
SI 	200ZX= e91.1D0P= 61237 
51= 	A250ZX= 091940P= x`37735 
SI= 	1300ZR= 92741P= 653452 
51= 	o350ZR= 093501P= G48038 
SI= 	a400ZR= ..942.20P= .40525 
SI = 	e45CZR= 9485P a 30:151 



C 	C RAYLEIGH WAVE PROPAGATION TX TZ VSo ZL PLOT 
p1=3014ac2( 	TP=P1+PI 

21 PED1C: S I 9 ZI ,FTI. 
100 FO:AT( 9X,F1.0 	9, SX,F15 Q 5 ,2X,F1' o5) 

ZL=00 
zz=zI*zI 
ASQRTF( 	10—ET..*FT/ZZ) 
!=ccTFcl0_Za) 
C=20/(2.—ZZ) 

20 =EXPF(—A-ZL*TP 
E=XPF ( —F3ZL*TP) 
F C * A 
T7=—D+, *E 
TX=f)—F*E 
PUNCH2.,ZLTZ,TX,I,ZI,TA 

200 FCRAT,F1CO3f-1205) 
:f'O 	(C*E—  D ) / (C—b 
U:OTX/AC-1) 
P ,u')sl 

201 
ZL=ZL+e 

ST.CP 

5i = 	C , 0707 ii 
51 
51= 	0i:zx= Q331IP= 
ST,= 	015ZX= 0C22P= 
51= 	020cZx= 11::P= 6127 
SN l94P= .57735 
S 	0300ZR= 092741P= 
51= 	0350ZR 3501P = 0 4B030 
51= 	40C'ZR= 422CP= 4025 
s 	r 	o 45CZR= 09496P= 30151 



C 	C 	RAYLtIC•H WAVE P0PACATION V(ICT 	SOLID 
21 	PEA 	iOSl ,TAZt ,EN 
100 	FOrAT(4Fi,5) 

ZL00 	PI=141592 	TPIPI+PI 
5C)RTF(1ETA*ETA*Z1ZI 

r=SC-RTF(lO—Zl*Zi)  
R =114 E 1'! * 	r 

S=0RTF(1./(10+R)) 
20  c=EXPF(—A*ZL*Tpr*s) 

D=20*A*B/(2,_ZI*ZI) 
E=EXPF(D*ZL*TP1*S) 
F=2o/(2*—ZI*Zl)  
UUO=(C—f'*E)/(1—D) 
'/O= ( C—F*E ) / (1 	—F ) 

tjL 	( CD*E) / (* (F*F_C) ) 

PU!CH2''9ZL,UUO,?U',ZI,ET/\,St 
200 	F0''AT4F1C05 	XF105) 

ZL=ZL+01 
IF (ZL-21 ) 2,21 921 
5102 

ND 
Q707U O9 7403 0 	10000 

00050 	O68825 0088369 020000 
Ool WOO 	C0(66(S7 0311 o3C00'J 

Go 1500 	064169 .O0222 0400O0 
O2O0O0 	061237 0011O0 0500f)0 
025000 	0G'7735 091)40 0600)i 
030000 	053452 00c2741 7000 

0648038 0.93522 O8 
0.40O0 	040625 0,o)4220 000 

04500 	0 c 30151 0o946 000O0 



C C 	f?AYLTI0H '1VE nIsPE1SICr 
rt=3141c2• 

22 rZ - :r) 	1C 	9 Z I 
100 FC'7.1AT(F1'!5.) 

EN2.0 
23 
20 A 	(4 	*P 1*1' t •) / ( TT*EiE 	) 

VR=Z I 
PUNCH20 	9VP >T 

2C0 FOR 	AT( 	X,F1O95X,F1cS) 
T=T+1 
IF(T-10fl?U,21,21 

21 FNf'+2e 
1F(EN1CUe)2392322 
END 

8. 8369 
222 

Q9194:) 
193501 
94896 



APPEND IX. ..0 
I 

C C 	WAVE PROPAGATION Z K.C•BHATIA 4.10.68 

SI M O.00OZX' .87403P= .70711 
SIM .050ZX- •88369P= #68825 
SIM .3,002X= •893llPft .66667 
SID •150ZXm .90222Pe •64169 
SIC •ZOOZXu .911Q©Pft .61237 
SIM .250ZX= .91940Pu .57735 
SI= .340ZR$ •92741P= .53452 
SIS .350ZR5z .93501P= .48038 
SIC .400ZR= • 94220P= .40825 
SIC .45OZR= .94896P= 030151 



APPEN1X...0 
C C RAYLEIGH WAVE PROPAGATION MAXVELSOLID K.G.BHATIA 

L Uo W o 
0.00000 1.00000 1.00000 .87403 *70711 0.00000 
.10000 .40519. .94193 .87403 .70711 0.00000 
20000 .09617 •81923 .87403 .70711 0.00000 

,30000 -.05265 *68004 .87403 .70711 0.00000 
•40000 -.11417 *54771 .87403 *70711 0000000 
.50000 -.13013 *43204 „87403 ,70711 0.00000 
.60000 -.12396 .33572 .87403 .70711 0.00000 
.70000 -+10847 *25799 •87403 *70711 0.00000 
.80000 -.09038 •19657 •87403 •70711 0.00000 
.90000 -.07298 ,14880 #87403 *70.711 0.00000 

1.00000 -.05767 •11206 *87403 •70711 0.00€00 
1.10000 -.04487 .08404 .87403 .70711 0.00000 
1.20000 -.03452 .06283 087403 .70711 0.00000 
1.30000 -.02632. o04685 .87403 .70711 0.00000 
1.40000 -.01994 .03485 .87403 .70711 0.00000 
1.50000 -.01502 .02589 .87403 •70711 0.00000 
1,60000 -.01127 •01920 .87403 •70711 0.00000 
1.70000 -000843 .01423 -•87403 .70711 0.00000 
1.80000 -.00628 .01053 .87403 .70711 0000000 
1.90000 -.00468 *00779 .87403 •70711 0.00000 
2.00000 r-.00347 .00576 .87403 .70711 0.00000 
0000000 1.00000 1.00000 .88369 .68825 *05000 

010000 .39199 .96050 .88369 .68825 .055000 
.20000 •907761 084652 .88369 .68825 .05000 
•30000 -.07248. .71023 *88369 .68825 005000 
.40000 .13309 .57749 .88369 .68825 .05000 
.50000 --.14722 .4.5963 •88369 .6882.5 .05000 
.60000 -.13888 .36030 .88369 .68825 .05000 
•70000 -•12121 *27930 •88369 •68825 .050400 
.80000 -.1.0109 .21469 .88869 .68825 .05000 
*90000 -.08187 .16397 ,88369 •68825 .05000 

1.00000 --006498 .12461 .88369 .68825 005000 
1.10000 -.05083 .09433 .8869 .68825 005000 
1.20000 -•03934 .07119 .88369 .68825 .05000 
1.30000 --.03021 .05359 .88369 .68825 .05000 
1.40000 -.02305 +0402+6 .88369 .68825 .05000 
1,50000 -.01750 .03021 .88369 *68825 .05000 
1.60000 "..01324 .02263 •68369 ►6882.5 .05000 
1.70000 -*00999 #01694 .88369 068825 •05000 
1.80000 -.00752 . .01267 «88369 •6.8825 .05000 
1*90000 -.00565 .00947. .88369 .68825 .05000 
2.00000 -.00424 .00707 .88369 .68825 .05000 
0.00000 1.00000 1.00000 .89111 .66667 .10000 

010000 .37727 .98015 .89311 .66667 #10000 
.220000 .05711 .87546 ,89311 .66667 .10000 
.30000 ..09414 *74239 .89311 .66667 .10000 
.40000 -.15377 .60939 .89311 .66667 .10000 
.50000 -.16590 .48940 .89311 .86667 .10000 
.60000 -.15523 .38705 .89311 *66667 010000 
970000 -.13522 .30270 .89311 «66667 .10000 

( CON TO. .. 



.80000 -.11292 .23478 .89311 .66667 .10000 

.90000 -.09176 .18097 .89311 .66667 .10000 
1.00000 -.0731.7 .13882 .89311 .66667 • .10000 
1.10000 -.05757 .10609 .89311 .66667 .10000 
1.20000 -.04486 .08085 .89311 ,66667 .10000 
1.30000 -.03469 .06147 .89311 .66667 .10000 
1.40000 -.02668 .04666 .89311 .66667 .10000 
1.50000 -.02043 .03536 .89311 .66667 .10000 
1.60000 -.01560 .02677 •89311 .66667 .10000 
1.70000 -.01187 .02025 .89311 .66667 •10000 
1.80000 -.00902 .01531 .89311 •66667 010000 
1.90000 -.00684 .01156 •89311 .66667 .10000 
2.00000 -.00518 .00873 .89311 .66667 . .10000 
0.00000 1.00000 1.00000 .90222 .64169 .15000 
•10000 .36086 1.00089 .90222 .64169 •15000 
.20000 .03450 ,90605 •90222 .64169 .15000 
,30000 -.11790 .77650 .90222, .64169 .15000 
.40000 -.17631 .64342 •90222 .64169 .15000 
.50000 -.18622 .52139 .90222 .64169 .15000 
.60000 -.17303 .41601 .90222 .64169 .15000 
•70000 -.15054 .32828 .90222 .64169 .15000 
.80000 -.12594 .25696 .90222 .64169 .15000 
•90000 -.10271 .19992 .90222 *64169 .15000 

1.00000 -.08233 .15484 ,90222 .64169 .15000 
1.10000 -.06518 .11950 .90222 .64169 .15000 
1.20000 -.05114 .09199 •90222 .64169 .15000 
1.30000 -.03986 .07066 •90222 ;64169 •15000 
1.40000 -.03091 .05419 .90222 .64169 015000 
1.50000 -.02388 .04151 .90222 .64169 .15000 
1.60000 -.01840 .03177 .90222 .64169 .15000 
1.70000 -.014.14 •02429 ..90222 .64169 .15000 
1.80000 -.01085 .01857 .90222 .64169 .15000 
1.90000 -.00832 .01418 .90222 .64169 .15000 
2.00000 -.00637 .01083 .902.22. •64169 .15000 
0.00000 1.00000 1.00000 .91100 .61237 .20000 
.10000 .34260 1.02279 .91100 .61237 .20000 
.20000 .00964 .93836 .91100 .61237 .20000 
.30000 -.14380 .81264 .91100 .61237 .20000 
.40000 -.20076 .67966 .91100 .61237 •20000 
.50000 -.20823 .55570 .91100 .61237 .20000 
.60000 -.19234 .44736 .91100 .61237 *20000 
.70000 -.16722 .35623 .91100 .61237 .20000 
.80000 -.14020 .28144 .91100 .61237 .20000 
.90000 -.11481 .22107 .91100 .61237 .20000 

1.00000 -.09254 .17290 .91100 .61237 .20000 
1.10000 -.07374 .13480 .91100 .61237 .20000 
1.20000 -.05830 .10484 .91100 .61237 .20000 
1.30000 -.04581 .08139 .91100 +61237 .20000 
1.40000 -.03584 .06309 .91100 .61237 .20000 
1.50000 -.02795 .04886 .91100 ,61237 .20000 
1.60000 -.02174 .03781 .91100 .61237 .20000 
1.70000 -.01688 .02924 •91100 .61237 .20000 
1.80000 -.01309 .02260 .91100 .61237 .20000 
1.90000 -.01014 .01746 .91100 .61237 .20000 
2.00000 -.00784 •01349 .91100 .61237 .20000 

(CONTD... 



0.00000 1.00000 1.00000 .91940 .57735 .25000 
.10000 .32227 1.04591 4 91940 .57735 .25000 
20000 --.01766 ,97241 .91940 .57735 .25000 

.30000 -.17195 .85080 ,91940 .57735 .25000 
,40000 -•22716 .71811 .91940 ,57735 •25000 
.50000 -.23194 •59235 .91940 *57735 .25000 
.60000 -.21316 .48113 *91940 .57735 .25000 
,70000 -.18528 .36663 .91940 *57735 „25000 
.80000 -.15575 .30835 .91940 .57735 ,25000 
.90000 -•12812 •24457 .91940 ,57735 .25000 

1.00000 -.10387 .19321 *919440 5.57735 •25000 
1.10000 -.08336 •15220 *91940 «57735 .25000 
1.20000 -•06642 .1.1963 .91940 .57735 .25000 
1.30000 --.05265 .09388 .91940 .57735 .225000 
1.40000 -,04157 .07358 .91940 *57735 •25000 
1.50000 -.03273 .05763 .91940 •57735 •25000 
1.60000 .02572 .04510 •91940 .57735 .2500 
1.70000 -.02018 •03528 .91940 .57735 .25000 
1.80000 --.01582 «02758 •91940 .57735 .25000 
1.90000 -.01238 .02156 .91940 «57735, .25000 
2.00000 -.00969 .01685 .91940 „57735 •25000 
0.00000 1000000 1.00000 .92741 .53452 .30000 
.10000 .29965 1.07035. .92741 •53.45.2 _: • 0000 
•20000 -.04757 1.00829 .92741 •53452 .30000 
.30000 -«20243 .89105 .92741 .53452 .30000 
.40000 -.25554 .75886 .92741 ..53452 •30000 
.50000 -.25736 .63146 .92741 .53452 .30000 
.60000 -.23552 .51748 .92141 *553452 .30000 
70000 -.20478 941969 ♦92741 •53452 .30000 

.80000 -.17265 #33792 .92741 .53452 «30000 

.90000 -.14273 •27070 .92741 .53452 .30000 
1,00000 -.11645 .21607 .92741 .5.3452 .30000 
1.10000 -.09416 .17201 .922741 .53452 .30000 
1.20000 -•07565 ,13667 .92741 •53452 .30000 
1.30000 -.06051 +10845 .92741 .53452 .30000 
1,4000.0 -.04824 ..08597 «92741 .53452 .30000 
1.50000 -•03837 •06810 .92741 .53452 .30000 
1.60000 -.03047 .05391 .92741 .53452 .30000 
1.70000 --.02417 .04266 «92741 •53452 .30000 
1,80000 -.01915_ .03376 *92741 •53452- 030000 
1.900030 -.01517 .02670 •92741 .53452 .30000 
2.00000 -.01201 .02112 «92741 .53452 .30000 
0.00000 1.00000 1.00000 •93501 •48038 *35000 
.10000 .27446 1109622 093501 .48038 •35000 
.20000 -.08030 1.04609 ,93501 .48038 .35000 
,30000 -.23535 .93345 .93501 •48038 .35000 
,40000 -.28593 .80193 •93501 .48038 .35000 
.50000 --•28449 .67309 .93501 ,48038 •35000 
•60000 --.25943 .55653 .93501 .48038 •35000 
.70000 -.22572 •45556 .93501 •4803,8 .35000 
.80000 -.19097 .37039 .93501 948038 .35000 
•90000 -.15872 .29972 .93501 .48038 .35000 

1.00000 -.13038 .24175 .93501 .48038 .35000 
1,10000 -.10626 *19454 •93501 .48038 •35000 
1.20000 -.08613 015630 •93501 .48038 .35000 

C CON TO.. 



z 

1.30000 -•06955 •12543 •93501 .48038 •35000 
1.40000 -.05601 ..10058 .93501 .48038 •35000 
1.50000 -.04503 •08060 •93501 .48038 .35000 
1.60000 -•03615 *06457 .93501 .48038 .35000 
1.70000 -.02900 •05171 •93501 .48038 .35000 
1.80000 -.02324 •04140 •93501 •48038 •35000 
1,90000 -*01862 •03315 •93501 %48038 •35000 
2.00000 -•01491 .02653 .93501 ,48038 .35000 
0.00000 1.00000 1.00000 .94220 .40825 .40000 
,10000 •24639 1.12371 •94220 .40825 •40000 
.20000 -•11605 1.08594 .94220 .40825 .40000 
•30000 -•27077 •97809 .94220 .40825 .40000 
.40000 -.31833 .84745 .94220 ,40825 •40000 
.50000 -.31331 •71739- .94220 .40825 .40000 
•60000 -•28486 .59846 .94220 •40825 .40000 
.70000 -.24815 .49451 •94220 ,40825 .40000 
.80000 -•21077 .40604 .94220 •40825 .40000 
.90000 -.17620 .33199 .94220 .40825 •40000 

1.00000 -.14580 .27066 •94220 •40825 .40000 
1.10000 -.11983 .22023 .94220 .40825 .40000 
1.20000 -•09804 •17895 •94220 .40825 •40000 
1.30000 -•07996 •14528 .94220 •40825 •40000 
1.40000 -•06508 .11787 .94220 .40825 040000 
1.50000 -.05290 .09558 .94220 .40825 .40000 
1.60000 -•04295 «07749 .94220 .40825 ♦40000 
1.70000 -•03485 .06281 ,94220 .40825 •40000 
1.80000 .02826 .05090 •94220 .40825 .40000 
1#90000 -•02291 •04125 .94220 .40825 .40000 
2.00000 -.01857 .03342 .94220 .40825 .40000 
0.00000 1.00000 .1.00000 •94896 .30151 •45000 
•10000 .21493 1.15299 .94896 .30151 •45000 
•20000 -.15522 1.12796 .94896 •30151 .45000 
.30000 -.30888 1.02500 «94896 •30151 .45000 
.40000 -.352.80 .89541 •94896 .30151 •45000 
.50000 -•34384 •76438 •94896 .30151 .45000 
•60000 -•31185 •64337 .94896 •30151 .45000 
,70000 -«27213 ,53669 .94896 .30151 .45000 
.80000 -.23216 •44513 •94896 .303.51 •45000 
.90000 -•19532 .36780 •94896 .30151 .45000 

1.00000 -.16289 •30316 •94896 •30151 •45000 
1.10000 -.13508 •24947 •94896 .30151 •45000 
1.20000 -•11160 .20506 .94896 .30151 •45000 
1.30000 -.09198 .16844 •94896 ,30151 •45000 
1#40000 -.07569 .13829 •94896 .30151 .45000 
1.500.40 -.06221 .11351 .94896 •30151 •45000 
1.60000 -.05110 .09314 .94896 .30151 •45000 
1.70000 -.04195 •07642 .94896 .30151 .45000 
1.80000 -.03443 .06269 .94896 •30151 .45000 
1.90000 .•02826 .05143 .94896 .30151 .45000 
2.00000 -.02318 •04219 .94896 .30151 .45000 

OEVISED COHESION AND SURCHARGE FACTOR 	SWAMI SARAN 
ERROR IN-1 	IN STATEMENT 0021 + 00 LINES 



APPENDIX...0  
IV 	o- 

C 	C 	RAYLE I GH WAVE PROPAGATION MAXVELSOL I D 	UW-ZL PLOT K. G. BHAT I A 
0000000 078615 0.00000 
,10000 .33818 
.20000 .09229 0000000 
.30000 --.06086 0000000 
.40000 -.16387 0.00000 
*50000 -.23678 +0.00000 
.60000 -.29026 0.00000 
.70000 -.33054 0.00001 
.80000 -.36148 0.00000 
•90000 -.38559 0.00000 

1.00000 -.40462 0.00000 
1.10000 -.41976 0.00000 
1.20000 -.43191 0.00000 
1,30000  -.44171 0.00000 
1.40000 -.44965 0.00000 
1,50000 -,45612 0.00000 
1.60000 -.46139 0.00000 
1.70000 -.46571 0.00000 
1.80000 -.46925 0,00000 
1.90000 -..47216 0.00000 
2.00000 -.47455 0.00000 
0,00000 .76789 .05000 
.10000 .31338 005000 
.20000 .07040 .05000 
.30000 -.07832 •05000 
.403000 -.17697 .05000 
.50000 -.24596 .05000 
* 0000 -.29600 ♦05000 
.70000 -.33327 .05000 

80000 -.36157 .05000 
.90000 -.38339 005000 

1.0000 -•40040 .05000 
1.10000 -.41378 .05000 
1,220000 -.42438 1005000 
1.30000 -.43283 .05000 
1.40000 -.43959 ,05000 
1.50000 -.44501 .05000 
1.60000 -.44938 .050000 
1.70,000 -.45291 .05000 
1.80000 -.45576 .05000 
1.90000 -.45806 ,.05000 
2.00000 -.45994 .05000 
0.00000 .74828 .10000 
.10000 •28802 010000 
*20000 .04881 .10000 
*30000 -.09489 .10000 
.40000 -.18882 .10000 
.50000 -.25365 .10000 
.60000 -.30010 .10000 

ICON TD. 



• 70000 -.33427 .10000 
.80000 -.35990 .10000 
.90000 -.37940 .10000 

1.00000 -.39441 .10000 
1.10000 -.40606 .10000 
1.20000 -.41516 .10000 
1.30000 -.42251 .10000 
1.40000 4-.42795 .10000 
1.50000 -.43240 .1.0000 
1.60000 -•43594 010000 
1.70000 '.43874 .10000 
1.80000 4-.44098 .10000 
1.90000 -.44276 .10000 
2.40040 -.44418 .10000 
0.00000 .72728 .15000 
.10000 .26221 .15000 
.20000 *02769 .15000 
.30000 -,11C43  .15000 
.40000 -.19930 .15000 
.50000 -*.25976 .15000 
• 60000 4-.30250 .15000 
.70000 -.33350 .15000 
.80000 -.35644 .15000 
.90000 -.37365 .15000 

1.00000 -.38670 .15000 
1.10000 -.39667 .15000 
1.20000 -0.40434 .15000 
1,30000 M«41027 .15000 
1.40000 -.41487 .15000 
1.50000 .41644 .15000 
1.60000 .42123 •15000 
1.70000 -.42340 .15000 
1.80000 -.42511 •15000 
1.90000 ►.42644 .15000 
2.00000 -.42748 015000 
0.00000 070494 .20000 
.10000 .23613 *20000 
.20000 .00724 020000 
430000 -.12474 .20000 
.40000 -•20822 .20000 
.50000 -.26415 •20000 
.60000 _.30308 -.20000 
.70000 -.33090 .220000 
.80000 -.35116 .20000 
090000 --.36612 .20000 

1.00000 -.37727 .20000 
1.10000 -.38565 *20000 
1.20000 -.39199 .20000 
1.30000 -.39679 .20000 
1*40000 -.40045 020000 
1,50000  *-.40324 .20000 
1.60000  -.40537 420000 
1,10000 -&.40701 .20000 
1.90000 -.40626 •20000 
1.90000 4-.040922 020000 
2.00000 `.40996 .20000 
0.00000 .68125 ..25000 

C CON TO. a 



x,0000  
.20000  
,j000 
•40000 	- 
.50000  

60000  
•70000 
.80000  
*90000  
.00000  

1,10000 
10  20000 
1.30000  
1.40000  
1.50000 
1,60000  
1,100-00  
1,80000  
1,90000  
2#00000 
0,00000  
.t0000  

20 X90 
•30000

;  , 0000  
• 2000  
.60000  p,  
„70000  
x 80000 
• 90000  

1.00000 
1.10000  
1,20000  
1.30002  
1,40000  
1050000  
1,60000  
1.10000  
1x80000  
1.90000  
2000000  
0.000'00  
.10000 

20000 
130000 

40000  
.50000 
.60000  
* 7O000 
.800°0  
.9(3000  

1,10000 
1.20000  
1,10000 

20991  
,01237 
,13768 
; 2 549 
.26674  

..30182  
,32647  

„*34111  
-055689  
-936625  
,.,3j731 
.x.31825  
-438204 
..•38487  
»,98699  
..,,38857  
_«38972 
-.39065  
...39131  
, .39183  

.65626  
.18372  

4.,,03(96  

..22099  
-.2674t7  

.29 869 
_,32020  
_•33530  
, 03,602 
_35370 
_.35924  
-,36325  
_,,36616  
..,36828  
-036983  
,.37096 
, 057179 
,,37239 
.,..37283  
«.+37316  

.15775  
._,04836  
»„13e,8r 
_.22463  
.,26628  
_.29361  
...31215  
...32482 

-,3.3977  

_. .'3 471 

•25Q00  
,25000/y  
„25000 

.250Q0  
025000  
025000 
„25000  
.215000 
,25000  
+25000 
,25000  
;2-5000 
#25000 
,25000  
,2500.0 
.25000  
.25000  
,215000 
,25000 
.25000  
.30000  
,,3Q000  
.300p0  
.30000 
.30000  
.30000  
.30000  
,3Ø000 
.30000 
+30000  
*30000  
•30000  
,30000 
*30000 
,3Q000 
•30000 
,30000 
•30000 
.30000 
.30000 
,33000 
0315000 
,35000 
*35000 
.35000 
,35000 
.35000  

.35000 
,35000  
.35000  

,35000 
„35000  

4 	•35000  (CQNTps.. 



1.40000 
1.50000 
1.60000 
1.70000 
1.80000 
1.90000 
2.00000 
0.Q0000 
.10000 
• 20000 
.30000 
.40000 
.50000 
.60000 
• 7000© 
.80000 
.90000 

1.00000 
1.10000 
1.20000 
1.30OU0 
1.40000 
1.50000 
1.60000 
1.7000© 
1.80000 
1.90000  
2. 004011 
0.00000 
•10000 
.20000 
*30000 
.40000 
.50000 
• 60000' 
.70000 
.80000 
•90000 

1.00000 
1.30000 
2.20000 
1.30000 
1.40000 
1..50000 
1.60000 
1.70000 
1.80000 
1.90000 
2.00000 

'•35084 
35 193 

".35271 
'-.35326 
.35365 

1.35393 
-.35413 
.60250 
•132,11 

-806439 
-.16679 
'~.22632 
-.26313 
'.28678 
"-.30234 
'-.31275 
'-.31978 
-.32456 
-.32783 
-.33008 
-.33 162 
-.33268 
.33342 

--.33392 
"".33427 
".3345i  
-.3346$ 
-.33479 
.57372 
:10695 

-.07895 
-.17289 
-".22605 
-.25808 
'~.27810 
-.29092 
-.29923 
-.30468 
,30827 

'-.31066 
-.31224 
".31329 
'°.31399 
".31446 
"'.3.1477 
"".31498 
'.31512 
.315zz 

'.31527 

.35000 

.35000 
#35000 
.35000 
.35000 
•35000 
.35000 
.40000 
.40000 
.40000 

c, .40000 
• 40000 
.40000 
.40000 
• 40000 
.40000 
.40000 
.40000 
*4000.0 
.40000 
.40000 
.40000 
.40000 
.40000 
.40000 
.40000 
.40000 
.40000 
.45000 
.45000 
.45000 
.45000 
•45000 
.45000 
.45000 
•45000 
.45000 
•45000 
.45000 
.45000 
.45000 
•45000 
.45000 
.45000 
.45000 
.45000 
.450O 
.45000 
•45000 



APPEND IX. •«C 
9-A 

C C 	RAYLEIGH WAVE PROPAGATION VOIGT SOLID K.G.BHATIA 

0.00000 1.00000 1.00000 .87403 .70711 0.00000 
.10000 .40731 .94243 .87403 ,70711 0.00000 
.20000 .09830 .82058 .87403 ,70711 0.00000 
.30000 -.05121 .68210 .87403 .70711 0.00000 
.40000 -.11349 .55020 .87403 .70711 0.00000 
.50000 -.13007 ,43468 ,87403 *70711 0.00000 
.60000 -.12432 .33832 .87403 •70711 0.00000 
.70000 -.10908 ,26040 .87403 .70711 0.00000 
.80000 -.09110 .19873 .87403 •70711 0.00000 
.90000 -.07372 .15068 .87403 .70711 0.00000 

1.00000 --.05837 .11366 .874013 .70711 0.00000 
1.10000 --.04551 .08538 .87403 •70711 0.00000 
1.20000 -.03507 .06393 *87403 .70711 0.00000 
1.30000 -.02679 .04774 .87403 .70711 0.00000 
1.40000 -.02033 .03558 ,87403 .70711 0.00000 
1.50000 -.01534 .02647 .87403 .70711 0.00000 
1.60000 -.01153 •01966 ,*87403 ,70711 0.00000 
1.70000 -.00864 .01459 .87403 .70711 0.00000 
1.80000 -.00645 .01082 .87403 *70711 0.00000 
1.90000 -.00481 000801 .87403 .70711 0.00000 
2.00000 -.00358 .00593 .87403 .70711 0.00000 
0.00000 1.00000 1.00000 .88369 .68825 ,05000 
.10000 .40046 .96221 .88369 .68825 .05000 
.20000 .08612 .85160 .88369 .68825 .05000 
.30000 -.06669 .71824 .88369 .68825 .05000 
.40000 -.13045 .58735 .88369 668825 .05000 
.50000 --.14712 .47028 .88.369 668825 .05000 
.60000 -.14052 .37090 •88369 .68825 .05000 
.70000 -.12387 .28929 .88369 .68825 .05000 
.80000 -.10421 •22375 .88369 *68825 .05000 
.90000 -.08508 *17195 .88369 .68825 .05000 

1.00000 -.06804 .13148 .88369 .68825 .05000 
1.10000 -.05362 .10014 .88369 .68825 .05000 
1.20000 -.04180 .07603 .88369 .68825 .05000 
1.30000 -.03231 .05758 .88369 .68825 .05000 
1.40000 -.02482 .04353 .88369 `68825 .05000 
1.50000 -.01897 .03285 .88369 .68825 .05000 
1.60000 '-.01445 *02476 .88369 .68825 .05000 
1.70000 -.01097 .01864 .88369 .68825 .05000 
1.80000 -000831 .01402 .88369 .68825 .05000 
1.90000 --.00628 .01054 .88369 •68825 ..05000 
2.00000 -.00474 ,00792 .88369 .68825 .05000 
0.00000 1.00000 1.00000 ,89311 .66667 .10000 
.10000 .39621 .98323 •89311 •66667 .10000 
.20000 .07618 .88594 .89311 .66667 .10000 
.30000 -.08128 *759622  •89311 .66667 .10000 
.40000 -.14795 .63113 .89311 .66667 .10000 
.50000 -.16586 .51331 .89311 .66667 .10000 
.60000 -.15920 .41121 .89311 .66667 .10000 

(CONTD... 



.70000 -.1.4159 .32580 .89311 .66667 .10000 

.80000 -.12044 .25600 .8931.1 .66667 .10000 

.90000 -.09953 .19989 .89311 .66667 .10000 
1.00000 -.08065 .15532 •89311 •66667 •10000 
1.10000 -x06444 *12023 ~89311 .66667 .10000 
1.20000 -.05095 ,09280 •89311 ,66667 ..10000 
1.30000 -.03997 .07145 .89311 966667 .10000 
1.40000 -.03118 •05492 .89311 .66667 .10000 
1.50000 -.02420 .04215 .89311 .66667 .10000 
1.60000 -.01872 *03231 .89311 .66667 .10000 
1.70000 -.01444 .02474 .89311 .66667 .10000 
1.80000 -.01112 .01893 .89311 .66667 .10000 
1.90000 -.00854 .01448 .89311 .66667 .10000 
2.00000 -.00655 •01107 .89311 .66667 .10000 
0.00000 1.00000 1.00000 .90222 964169 .15000 
.10000 .39405 1.00498 *90222 .64169 .15000 
.20000 .06806 .92276 .90222 .64169 .15000 
.30000 -.09520 .80534 .90222 .64169 .15000 
.40000 -.16608 .68078 .90222 .64169 .15000 
950000 -.18634 ..56327 .90222 .64169 .15000 
.60000 -.18044 4,45906 •90222 .64169 .15000 
,70000 -.16240. *37005 •90222 .64169 .15000 
•60000 -.14001 .29588 ..90222 .64169 .15000 
.90000 -.11740 ,23512 .90222 .64169 915000 

10 00000 -,09659 .18596 .90222 .64169 .15000 
1.10000 -.07840 .14665 .90222 .64169 .15000 
1.20000 -.06301 .11517 .90222 .64169 .15000 
1.30000 -.05026 .09030 .90222 .64169 .15000 
1.40000 -.03987 •07069 .90222 .64169 .15000 
1.50000 -.03150 .05525 .90222 .64169 .15000 
1.60000 -.02480 .04314 .90222 .64169 .15000 
1.70000 -.01947 .03366 ,90222 .641,69 .15000 
1.80000 --.01526 ,02624 .90222 .64169 .15000 
1.90000 -.01194 .02045 ,90222 .64169 .15000 
2.00000 --.00933 .01593 .90222 .64169 .15000 
0.00000 1.00000 1.00000 .91100 .61237 .20000 
.10000 .39339 1.02700 .91100 .61237 .20000 
,20000 .06127 .96124 .91100 .61237 .20000 
.30000 -.10868 .85440 .91100 .61237 .20000 
.40000 -.18485 *73537 .91100 .61237 .20000 
.50000 -.20849 .61945 .91100 .61237 .20000 
.60000 -.20418 .51401 .91100 .61237 020000 
.70000 -.18628 .42192 #911.00 •61237 .20000 
.80000 -.16302 .34358 .91100 .61237 .20000 
.90000 -.13887 .27810 ,91100 .61237 .20000 

1.00000 -.11615 .22409 .91100 .61237 .20000 
1.10000 -.09589 .17994 091100 .61237 •20000 
1.20000 -.07842 .14410 .91100 .61237 .20000 
1.30000 -,06368 .11515 .91100 .61237 .20000 
1.40000 -.05144 009188 .91100 .61237 .20000 
1.50000 --.04138 .07321 •91100 .61237 .20000 
1.60000 --.03319 . .05828 .91100 .61237 .20000 
1.70000 ►.02655 .04636 .91100 *61237 .20000 
1.80000 -.02120 .03685 ,91100 .61237 .20000 
1.90000 -.01691 .02928 .91100 .61237 .20000 

(CONID... 



2.Q0000 -.01347 *02326 .91100 .61237 .20000 
0.00000 1,00000 1.00000 .92940 .773 .25000 
*10000 .99354 1,04892 •91940 .51735 625000 
.20000 .05520 1.00056 .91940 057735 .25000 
.30000 -.12205 .90573 .91940 .57735 .25000 
.40000 -.20434 *79374 .91940 .97739 .25000 
.50000 -.23220 .68078 .91940 .57135 .25000 
*60000 -.23023 •57523 *91940 .57735 .25000 
.10000 -.21310 .46068 .91940 .57735 029000 
.80000 -.18941 •99886 .91940 .97735 .29000 
090000 -.16400 .32891 .91940 .91735 .25000 

1.00000 -.13951 .27004 .91940 •57735 .25000 
1.10000 -.11719 .22096 *91940 .57735. .25000 
1.20000 -.09734 .18035 .91940 .57735 .25000 
1.30000 -•09065 .14691 .91940 .377' *25000 
1,40000 -.06635 •11949 *91940 .57735 .29000 
1.50000 -.05437 .09707 .91940 .1)7735 .25000 
1.60000 -.04445 .07679 .91940 .57735 .25000 
1.70000 00*03622 .06390 *91940 .57735 .25000 
1.80000 -.02948 .05180 .91940 .57735 .25000 
1.90000 -.02396 .04197 .91940 .57735 .25000 
2.00000 -.01946 .03400 .91940 .57735 .25000 
0.00000 1#00000 1.00000 .92741 .3452 .30000 
.10000 ..39366 1.07051 *92741 ,53452 .30000 
.20000 .04925 1.04012 .92741 .53452 .30000 
.30000 -.13565 .95843 .92741 .534.52 .30000 
.40000 -.22462 .a5482 .92741 .53452 .30000 
.50000 -.25731 .74620 .92741 .53452 .30000 
.60000 -.25840 .64179 092741 •5345! .30000 
*70000 -..24263 .54620 *92141 .53452 .30000 
.80000 -.21099 .46128 *92741 .53452 .30000 
.90000 -.1,9270, .38737 *92741 .53452 .30000 

1.00000 -.16666 .32392 .92741. #53452 .30000 
1.10000 -.14241 .27000 .92741 .53452 .30000 
1,20000 -.12062 .22451 .92741 .53452 .30000 
1.30000 0-.10151 .18634 .92741 .53452 .30000 
1.40000 -.08502 *19444 .92741 .53452 .30000 
1.50000 -.07096 .12786 .92741 .53452 .30000 
1.60000  -.09906 .10577 .92741 .53452 .30000 
1.70000 -.04905 608744 .92741 *53452 •30000 
1.80000 --.04064 .07225 .92741 .53452 .30000 
1.90000 -.03369 ..05967 .92741 .53452 .30000 
2.00000 -.02768 #04927 *92741 .53452 .30000 
0000000 1.00000 1,00000 ,93522 .48034 .35000 
.10000 .39419 1.09198 .93522 .48038 .35000 
.20000 .04338 1.00006 .93522 .48038 .35000 
.30000 -.14929 1.01247 .93522 *46036 .35000 
p40000 -.24532 .91032 .93922 .46038 .35000 
.50000 --.28350 .81560 *93522 .48038 .39000 
*60000 P.26816 *7136 .93522 Q  .48038 .35000 
.70000 -.27438 .61795 *93522 •48038 .35000 
060000 -.25130 .53110 .93522 „46038 .35000 
.90000 -.22469 .45395 093522 ..48038 •39000 

1.00000 -.19749 ;38643 .93522 .48038 .35000 
1.10001 --.17157 .32795 .93522 .48038 *35000 

• (CON#U.. 



1.20000 -.14781 .27767 .93522 .48038 .35000 
1.30000 -.12656 .23470 •93522 .48038 .35000 
1.40000 -.10787 •19812 993522 .48038 .35000 
1.50000 -.09163 ,16707 .93522 .48038 .35000 
1.60000 -.07764 .14078 .93522 .48038 .35000 
1.70000 -.06566 •11855 .93522 ,48038 .35000 
1.80000 40.05545 009979 .93522 .48038 .35000 
1.90000 -.04678 .08398 .93522 ..48038 .35000 
2.00000 -.03942 .07064 .93522 .48038 .35000 
0.00000 1.00000 1.00000 .94220 .40825 .40000 
.10000 .39252 1.1.1244 .94220 .40825 .40000 
.20000 .03505 1,11849 .94220 .40825 .40000 
.30000 4.16536 1.06511 .94220 x40825 .40000 
.40000 -.26834 .98142 .94220 .40825 .40000 
050000 -.31195 .88514. .94220 .40825 #40000 
*60000 -.32035 •78673 .94220 .40825 .40000 
.70000 -.30878 *69214 .942.20 •40825 .40000 
.80000 -.28668 .60447 .94220 .40825 •40000 
.90000 -.25986 .52509 .94.220 .40825 .40000 

1.00000 -.23178 .45435 .94220 •40825 .40000 
1.10000 -.20441 .39199 .94220 .40825 .40000 
1.20000 -.17884 .33745 .94220 .40825 .40000 
1.30000 -.15556 *29003 .94220 .40825 .40000 
1.40000 -.13473 .24897 .94220 .40825 .40000 
1.50000 -.11632 .21352 •94220 .40825 .40000 
1.60000 -.10019 .18299 .94220 .40825 .40000 
1.70000 -.08614 *15675 .94220 .40825 .40000 
1080000 -.07397 .13421 .94220 .40825 .40000 
1.90000 A.06345 •11488 ..94220 .40825 .40000 
2.00000 -.05439 .09831 .94220 .40825 .40000 
0.00000 1.00000 1.00000 .94896 .30151 .45000 
.10000 .36597 1.13630 .94896 .30151 .45000 
.20000 -.00190 1.15534 .94896 .30151 .45000 
.30000 -,20475 1.10875 ,94896 .30151 .45000 
.40000 -.30653 1,02827 .94896 .30151 .45000 
.50000 04754 .93306 .94896 030151 .45000 
.60000 -.35299 .83443 .94896 .30151 .45000 
.70000 -.33855 .73878 .94896 .30151 .45000 
.80000 -.31386 .64951 .94896 *30151 •45000 
.90000 -.28473 .56817 .94894 •30151 *45000 

1.00000 -•25459 ,49522 .94896 .301.51 .45000 
1.10000 -.22538 ,43051 .94896 .30151 *45000 
1.20000 -.19813 .37353 .94896 .30151 .45000 
1.30000 -.17331 #32364 .94896 *30151 .45000 
1.40000 -.15105 .28013 .94896 .30151 .45000 
1.50000 -.13131 .2422.8 .94896 .30151 .45000 
1.60000 -,11393 .20943 .94896 .30151 .45000 
1.70000 -.09871 ..18096 .94896 .30151 .45000 
1.80000 -.08544 .15631 .94896 ,30151 .45000 
1,90000 -.07389 •13499-  .94896 .30151 .45000 
2.00000 -.06387 .11655 .94896 .30151 .45000 



APPENDIX. ..0 

C 	C 	RAYLEIGH WAVE PROPAGATION VOIGT SOLID K.G.BHATIA 

U W U L Uo 
0.00000 1.00000 1.00000 *78615 .87403 .70711 0.00000 

.10000 .40731 .94243 •33977 .87403 .70711 0.00000 

.20000 .09830 .82058 •09417 .87403 •70711 0.00000 

.30000 -.05121 .68210 -.05902 .87403 .70711 0.00000 

.40000 -.11349 .55020 -.16216 .87403 .70711 0.00000 

.50000 -.13007 •43468 -,23524 .87403 ,70711 0.00000 

.60000 -.12432 ,33832 -.28889 .87403 .70711 0.00000 

.70000 -.10908 .26040 -.329332 .87403 .70711 0600000 

.80000 -.09110 .19873 -.36039 •87403 ,70711 0.00000 
„90000 0-.07372 .15068 -.38463 .87403 .70711 0.00000 

1.00000 -.05837 .11366 -.40377 .87403 .70711 0.00000 
1.10000 -.04551 .08538 -.4.1902 .87403 .70711 0.00000 
1.20000 -.03507 .06393 -.43126 .87403 .70711 0.00000 
1.30000 .02679 .04774 d►,44114 .87403 .70711 0.00000 
1.40000 -.02033 .03558 -•44915 .87403 .70711 0.00000 
1.50000 -.01534 .02647 -.45568 .87403 .70711 0.00000 
1.60000 -.01153 •01966 -.46101 .87403 .70711 0.00000 
1.70000 -.00864 .01459 -.46538 .87403 .70711 0.00000 
1.80000 -.00645 001082 -.46896 .87403 *70711 0.00000 
1.90000 -,00481 .00801 -.47191 .87403 .70711 0.00000 
2.00000 ',00358 .00593 -.47433 .8.7403 ..70711 0.00000, 
0.00000 1.00000 1.00000 .76789 .88369 .68825 .05000 

.10000 .40046 .96221 .31959 •88369 .68825 .05000 

.20000 .08612 .85160 .07766 .88369 .68825 .05000 

.30000 -.06669 *71824 -.07130 .88369 .68825 .05000 

.40000 -.13045 .58735 -.17055 ,88369 .68825 .05000 

.50000 -,14712 .47028 -.24022 .88369 .68825 .05000 

.60000 -.14052 .37090 .-.29092 .88369 .68825 .05000 

.70000 -.12387 *28929 -.32879 „88369 .68825 .05000 

.80000 -.10421 .2.2375 -,35765 •88369 .68825 .05000 

.90000 -.08508 .17195 -.37996 .88369 .68825 •05000 
1.00000 -.06804 .13148 -.39741 .88369 .68825 .05000 
1.10000 -.05362 .10014 -.41118 •88369 .68825 .05000 
1.20000 -.04180 .07603 --.42213 .88369 .68825 .05000 
1.30000 -.03231 .05758 -.43087 .88369 .68825 .05000 
1.40000 -.02482 .04353 -.43790 .88.369 .68825 .05000 
1.50000 -.01897 .03285 -.44355 .88369 .68825 .05000 
1.60000 •-.01445 .02476 -,44812 .88369 „68825 .05000 
1.70000 -.01097 .01864 -.45182 .88369 .68825 .05000 
1.80000 -.00831 * 01402 -.45483 .88369 .68825 .05000 
1.90000 -.00628 .01054 -.45727 .88369 .68825 .05000 
2.00000 -.00474 .00792 -.45926 .88369 .68825 .05000 
0.00000 1.00000 1.00000 .74828 •89311 .66667 .10000 

.10000 .39621 .98323 .30154 .89311 .66667 .10000 

.20000 .07618 ,88594 .06435 ,89311 ,66667 .10000 

.30000 -.08128 .75962 -.08006 .89311 .66667 .10000 

.40000 --.14795 ,63113 -.17541 .89311 .66667 •10000 

.50000 -.16586 .51331 -.24178 .89311 .66667 .10000 

.60000 -.15920 .41121 -.28970 .89311 .66667 .10000 
(CON ID.. 



.70000 -.14159 032580 -.32521 .89311 .66667 .10000 

.80000 -.12044 .25600 -.35203 .89311 .66667 ,10000 

.90000 -.09953 .19989 -.37260 .89311 .66667 ,10000 
1.00000 -.08065 .15532 -.38855 .89311 .66667 .10000 
1.10000 -.06444 .12023 -.40102 .89311 .66667 .10000 
1.20000 -.05095 .09280 -.41083 .89311 .66667 .10000 
1.30000 -.03997 •07145 -.41860 .89311 .66667 •10000 
1.40000 -.03118 .05492 -.42478 .89311 .66667 .10000 
1.50000 -.02420 .04215 -.42971 089311 .66667 .10000 
1.60000 -.01872 .03231 -.43364 .89311 .66667 010000 
1.70000 -.01444 .02474 -.43680 .89311 .66667 .10000 
1.80000 -601112 •01893 -.43933 .89311 .66667 .10000 
1.90000 -.00854 .01448 -.44137 .89311 .66667 .10000 
2.00000 -.00655 .01107 -.44300 .89311 .66667 .10000 
0.00000 1.00000 1.00000 .72728 .90222 .64169 .15000 
.10000 .39405 1,00498 .28517 .90222 .64169 .15000 
.20000 #06806 .92276 .05364 .90222 .64169 .15000 
.30000 -'109520 *80534 -008597 .90222 .64169 .15000 
.40000 -.16608 .68078 -.17742 .90222 .64169 .15000 
.50000 -.18634 .56327 -.24060 •90222 .64169 .15000 
.60000 -.18044 .45906 -.28587 .90222 .64169 .15000 
.70000 -.16240 .37005 -.31918 .90222 .64169 .15000 
.80000 -.14001 .29588 -.34415 .90222 .64169 1415000 
0 90000 -.11740 .23512 -.36314 .90222 .64169 .15000 

1.00000 -.09659 ,18596 60.37773 .90222 .64169 .15000 
1.10000 -.07840 .14655 -.38905 .90222 .64169 .15000 
1.20000 -.06301 .11517 -.39789 .90222 .64169 .15000 
1.30000 -.05026 .09030 -.40481 .90222 •64169 .15000 
1.40000 -.03987 .07069 -.41026 *90222 .64169 .15000 
1.50000 -.03150 .05525 -.41437 •90222 .64169 .15000 
1.60000 -.02480 •04314 -.4.1798 .90222 .64169 .15000 
1.70000 -.01947 .03366 -.42068 .90222 .64169 .15000 
1.80000 -,01526 .02624 -,42283 ,90222 .64169 015000 
1,90000 -.01194 .02045 -.42454 .90222 .64169 •15000 
2.00000 -.00933 .01593 -.42590 .90222 .64169 015000 
0.00000 1.00000 1000000 .70494 .91100 .61237 *20000 
.10000 .39339 1.02700 .27002 091100 .61237 .20000 
.20000 •06127 .96124 .04493 .91100 .61237 .20000 
030000 -.10868 .85440 -.08967 .91100 .61237 .20000 
.40000 -.18485 .73537 -.17720 .911.00 .61237 .20000 
.5.0000 -.20849 .61945 -.23726 .91.100 .61237 .20000 
.60000 -•20418 .51401 -.28001 .91100 .61237 .20000 
.10000 -.18628 .42192 -.31124 .91.100 .61237 .20000 
.80000 -.16302 .34358 -.33448 .91100 .61237 .20000 
.90000 -.13887 .27810 -.35202 .91100 *61237 .20000 

1.00000 -.11615 .22409 -.36540 *91100 .61237 020000 
1.10000 -.09589. .17994 -.37568 *91100 .61237 •20000 
1.20000 -.07842 ' 	.14410 -.38364 991100 .61237 .20000 
1.30000 -.06368 .11515 -.38983 .91100 961237 .20000 
1.40000 -.05144 .09188 -.39466 .91100 .61237 .20000 
1.50000 -.04138 .07321 -.39844 .91100 .61237 •20000 
1.60000 -.03319 .05828 -.40140 ,91100 .61237 .20000 
1.70000 -.02655 .04636 -.40373 .91100 .61237 .20000 
1.80000 -.02120 .03685 -,40556 .91100 .61237 .20000 
1.90000 -.01691 •02928 -.40740 .91100 .61237 .20000 

(CONTD... 



2.00000 -.01347 .02326 -.40814 .91100 .61237 .20000 
0.00000 1.00000 1.00000 .68125 .91940 .57735 .25000 
.10000 .39354 1.04892 .25560 .91940 .57735 .25000 
.30000 -.12205 .90573 -.09180 ,91940 .57735 .25000 
.20000 .05520 1.00056 .03759 .91940 .57735 .25000 
.40000 -.20434 .79374 -.17538 .91940 .57735 .25000 
.50000 -.23220 .68078 -.23236 .91940 .57735 .25000 
.60000 -.23023 .57523 -.27266 ,91940 .57735 .25000 
.70000 -.21310 .48088 -.30190 .91940 .57735 .25000 
.80000 -.18941 .39886 -.32350 .91940 .57735 .25000 
.90000 -•16400 .32891 -.33969 .91940 .57735 .25000 

1000000 -.13951 .27004 -.35194 .91940 .57735 .25000 
1.10000 -.11719 .22096 -.36129 .91940 ,57735 .25000 
1.20000 -.09754 .18035 -.3684.6 .91940 .57735 .25000 
1.30000 -.08065 .14691 -.37399 .91940 .57735 .25000 
1.40000 -.06635 .11949 '.37827 •91940 .57735 .25000 
1.50000 -.05437 .09707 -.38159 .91940 .57735 •25000 
1.60000 -.04443 •07879 -.38416 .91940 .57735 .250CC 
1.70000 -.03622 .06390 -.38617 .91940 •57735 .2500C 
1.80000 -.02948 •05180 -.38773 •91940 ,57735 .25000 
10 90000 -.02396 .04197 -.38895 .91940 •57735 .25000 
2,00000 -,01946 ,03400 -.38991 .91940 .57735 .25000 
0.00000 1.00000 1.00000 .65626 .92741 .53452 x30000 
.10000 .39386 1.07051 .24145 .9274.1 .53452 .30000 
.20000 .04925 1.04012 .03107 .92741 .53452 .30000 
.30000 -.13565 *95843 -.09288 .92741 .53452 .30000 
.40000 -.22462 •85482 -.17244 .92741 .53452 .30000 
.50000 -.25737 ,74620 x.22635 .92741 .53452 .30000 
•60000 -.25840 .64179 -.26423 •92741 .53452 ..30000 
•70000 -.24263 *54620 -.29152 .92741 •53452 .30000 
.80000 -.21899 .46128 -.31156 .92741 .53452 .30000 
.90000 -.19270 *38737 -.32646 .9274.1 .53452 .30000 

1.00000 -.16666 .32392 -.33765 .92741 .53452 .30000 
1.10000 -.14241 .27000 -.34612 .92741 .53452 .30000 
1.20000 -.12062 .22451 -.35257 .9.2741 .53452 .30000 
1.30000 -.10151 .18634 -.35750 .92741 .53452 .30000 
1.40000 -.08502 .15444 -.36128 •92741 .53452 .30000 
1.50000 -.07096 •12786 -.36418 .92741 .53452 .30000 
1.60000 -.05906 .10577 -.36642 .92741 .53452 .30000 
1.70000 -.04905 .08744 -.36815 .92741. .53452 .30000 
1.80000 -.04068 .07225 -.36948 .92741 •53452 .30000 
1.,90000 -.03369 ..05967 -.37051 .92741 .53452 .30000 
2.00000 -.02788 .04927 -.37131 .92741 .5.3452 .30000 
0,00000 1.00000 1.00000 .63055 .93522 .48038 .35000 
.10000 .39419 1.09198 .22762 .93522 •48038 .35000 
.20000 .04338 1.08006 .02533 .93522 .48038 .35000 
.30000 -.14929 1.01247 -.09298 •93522 .48038 .35000 
.40000 -.24532 .91852 -.16841 .93522 .48038 .35000 
•50000 -.28350 .81560 -.21918 .93522 .48038 .35000 
.60000 -.28816 .71363 -.25462 .93522 •48038 .35000 
.70000 -.27438 .61795 -.27998 ,93522 .48038 .35000 
.80000 -.25138 .53110 -.29846 .93522 .48038 .35000 
•90000 -.22469 .45395 -.31209 .93522 .48038 .35000 

1.00000 -.19749 .38643 -.32226 .93522 .48038 .35000 
1.10000 -.17157 .32795 -.32989 .93522 .48038 .35000 

tCON TO. .. 



1.20000 -.14781 .27767 --.33564 .93522 .48038 .35000 
1.30000 -.12656 .23470 -.34001 •93522 .48038 .35000 
1.40000 -.10787 .19812 -.34332 .93522 .48038 .35000 
1.50000 -.09163 .16707 -.34585 .93522 .48038 .35000 
1.60000 ".07764 .14078 -.34777 *93522 .48038 .35000 
1.70000 -.06566 .11855 -.34925 .93522 .48038 .35000 
1.80000 -.05545 .09979 -.35037 .93522 .48038 .35000 
1.90000 -.04678 .08398 -.35123 .93522 •48038 #35000 
2.00000 -.03942 .07064 -.35190 .93522 .48038 .35000 
0.00000 1.00000 1.0000,0 .60250 .94220 .40825 .40000 
.10000 .39252 1.11244 .21259 •94220 .40825 .40000 
.20000 .03505 1.11849 .01888 .94220 .408.25 .40000 
.30000 -.16536 1.06511 -.09354 .94220 .40825 .40000 
.40000 -.2.6834 .98142 -.16474 .94220 •40825 .40000 
,50000 -.31195 .88514 -.21234 .94220 .40825 .40000 
.60000 -.32036 .78673 -.24534 .94220 .40825 .40000 
•70000 -.30878 .69214 -.26879 .94220 .40825 ,40000 
.80000 -.28668 .60447 -.28575 •94220 ,40825 .40000 
.90000 -.25986 .52509 -.29817 .94220 .40825 .40000 
1.00000 -.23178 .45435 -.30736 .94220 .40825 .40000 
1.10000 -.20441 .39199 -.31419 .94220 .40825 ..40000 
1.20000 &•17884 .33745 -.31931 .94220 .40825 .40000 
1.30000 -.15556 .29003 -.32315 .94220 .40825 .40000 
1.40000 -.13473 .24897 -.32604 .94220 .40825 .40000 
1.50000 -.11632 .21352 -.32822 .94220 .40825 .40000 
1*60000 -.10019 .18299 -.32987 .94220 .40825 .40000 
1.70000 -.08614 .15675 -.33112 .94220 .40825 .40000 
1,80000 -.07397 .13421 -.33207 .94220 .40825 .40000 
1.90000 -.06345 .11488 -.33279 .94220 .40825 .40000 
2.00000 -.05439 .09831 -.33333 #94220 .40825 .40000 
0.00000 1.00000 1.00000 .57372 .94896 .30151 .45000 
.10000 .36597 1.13630 .18478 .94896 .30151 .45000 
.20000 -.00190 1.15534 -.00094 .94896 .30151 .45000 
.30000 -.20475 1.10875 -.10595 •94896 .30151 .45000 
.40000 -.30653 1.02827 -.17103 .94896 .30151 .45000 
.50000 -.34754 .93306 -.21370 .94896 •30151 •45000 
.60000 -.35299 .83443 -.24270 .94896 .30151 .45000 
.70000 -.33855 •73878 -.26291 •94896 .30151 .45000 
.80000 -.31386 .64951 -.27724 •94896 .30151 .45000 
•90000 -.28473 .56817 -.28751 .94896 .30151 .45000 
1.00000 -.25459 •49522 -.29495 .94896 .30151 .45000 
1.10000 -.22.538 .43051 -.30036 .94896 .30151 .45000 
1.20000 -.19813 .37353 -.30432 .94896 .30151 .45000 
1.30000 -.17331 .32364 -.30722 .94896 .30151 .45000 
1.40000 -.15105 .28013 -.30936 .94896 .3.0151 .45000 
1.50000 -.13131 •24228 -.31094 .94896 .30151 .45000 
1.60000 -.11393 .20943 -.31210 .94896 .3015.1 .45000 
1.70000 -.09871 .18096 -.31296 .94896 .301.51 .45000 
1.80000 -.08544 .15631 -.31359 .94896 .30151 .45000 
1.90000 -.07389 .13499 -.31406 .94896 .30151 .45000 
2000000 -.06387 .11655 -.31441 .94896 .30151 •45000 

0 	ERROR LC-2 IN STATEMENT 0021 + 00 LINES 



APPENDIX. •.0 
VI 

C 	C WAVE PROPAGATION ATTENUATION Z K.G.BHATIA 

C 	C WAVE PROPAGATION ATTENUATION Z K.G.BHATIA 
0.000 .61803 .38196 0.00000 .87403 970711 

ZL s 0,000W0 1.0000000= .7861551m 0.00000 
.100 .58214 .15477 0.00000 .87403 .70711 

ZL a .100W0= .94193U0 .318545I 0.00000 
,200 ,50631 .03673 0.00000 .87403 .70711 

ZL= .200Wfl# •81.923U0= .0756151 0.00000 
.300 .42028 -.02011 0.00000 .87403 .70711 

ZL= .300W0= .68004U0= -.041395I* 0.00000 
.400 933850 *904361 0.00000 .87403 .70711 

ZL: .400WOm 654771UO= -.0897551a 0.00000 
.500 .26702 -•04970 0.00000 .87403 .70711 

ZL *s .500W0= •43204U0m -.10230SI- 0.00000 
.600 .20749 10.04735 0.00000 .87403 .70711 

ZL= .600WO •33572U0= -.0974551= 0.00000 
.700 .15944 -.04143 0.00000 .87403 .70711 

ZL= .700W0= •25799U0= -.085275In 0.00000 
.800 012149 -.03452 0.00000 .87403 .70711 

ZL= .800W0= •19657U0a -.0710651* 0.00000 
.900 •09196 -.02788 0.00000 .87403 .70711 

ZL* .900W0 •14880U0* -.05738SIn 0.00000 
1.000 .06925 -.02203 0.00000 .87403 .70711 

ZL ts 1.000W0 .11206U0= -.0453451= 0.00000 
1,100 .05194 -..01714 0.00000 .87403 •70711 

ZL= 1.100W0C .08404U0= -.0352851= 0.00000 
1.200 .03883 -.01318 0000000 •87403 .70711 

ZL w 1.200W0n .06283U0n -.0271451= 0.00000 
1.300 .02895 -.01005 0.00000 •87403 •70711 

ZL$ 1.300W0= .04685U0= -.020695Io 0.00000 
1.400 .02154 -.00761 0.00000 .87403 .70711 

Z1.= 1.400W0= .03485U0= -.0156781= 0.00000 
1.500 .01600 -.00574 0000000 ,87403 .70711 

ZL* 1.500W0= .02589UO= -.01.181SX= 0.00000 
1.600 .01187 -.00430 0000000 .87403 .70711 

ZL= 1.600W0= •01920U0 -.0088651* 0.00000 
1.700 .00879 °.00322 0600000 .87403 .70711 

ZL= 1.700WOu . 	•01423U0* -.00663$I* 0.00000 
1.800 .00651 -•00240 0.00000 .87403 .70711 

ZL= 1.800W0u .01053U0= -.0049451= 0.00000 
1.900 .00481 -.00179 0.00000 .87403 .70711 

ZL= 1.900W0o •00779U0= -.0036881* 0.00000 
2.000 .00356 -.00133 0.00000 •87403 .70711 

ZL= 2.000W0 •00576U0= -.00273SI 0.00000 
0.000 .64057 .39045 .05000 •88369 .68825 

ZL= 0.000W0= 1.00000U00 .7678951= .05000 
.100 .61526 .15305 .05000 .88369 .68825 

ZLa .100W0= .96050U0z .30100510 .05000 
.200 .54225 .03030 005000 .88369 .68825 

ZL= .200W0= .84632U0= .0595951= .05000 
.300 .45495 -.02828 ,05000 .88369 .68825 

ZL- .300W0* .71023U0= -.0556251= .05000 
.400 .36992 -.05196 .05000 .88369 •68825 

ZL'* .400W0* •57749U0 -.1022051= .05000 
.500 .29442 -.05748 .05000 •88369 .6882.5 

(CON TO. . 	1 



ZL= .500W0 .4596300= -.1130551= .05000 
.600 .23080 -.05423 .05000 .88369 ..68825 

ZL= .600W0= .36030U0= -.1066551= .05000 
.700 .17891 -.04733 .05000 .88369 .68825 

ZL= .700W0= •27930U0= -.09308SIa .05000 
.800 .13752 -.03947 .05000 .88369 .68825 

ZL= .800W0= .21469U0 -.0776351= .05000 
.900 .10503 -.03196 .05000 .88369. .68825 

ZL- .900w0= •16397U0= -.06286SI= .05000 
1.000 .07982 -.02537 .05000 .88369 .68825 

ZL= 1.000WO= .12461U0= -.04989S1= .05000 
1.100 .06042 -.01985 .05000 .88369 .68825 

ZL= 1.100W0= •09433U0= -.03903SI= .05000 
1.200 .04560 -.01536 .05000 .88369 .68825 

ZLs 1.200W0u •07119U0= -.030215I= .05000 
1.300 .03433 -.01179 •05000 .88369 .68825 

ZL= 1.300W0= •05359U0= -.02320SI= .05000 
1.400 .02579 10.00900 .05000 •88369 .68825 

ZL* 1.400W0= .0402600= -.0177051= .05000 
1.500 .01935 -.00683 .05000 .88369 .68825 

ZL= 1.500W0ft .03021U0- -.0134451* .05000 
1.600 .01450 -x.00517 .05000 .88369 .68825 

ZL= 1.600W0= .02263U0= -.0101751* .05000 
1.700 .01085 -.00390 *05000 .88369 .68825 

ZL= 1.700W0= .01694U0= -.0076751$ .05000 
1.800 .00811 -.00294 •05000 .88369 ,68825 

ZL= 1.800W0m •01267U0= -.00577SI- .05000 
1.900 .00606 -.00220 .05000 .88369 .68825 

ZL= 1.900W0= .0094700* -.0043451= .05000 
2.000 .00453 -.00165 .05000 .88369 *68825 

ZL= 2.000WO= .00707U0= -•00325SI= .05000 
0.000 .66340 .39883 .10000 .89311 .66667 

ZL ,m 0.000WO= 1.000001)0* .7482851* .10000 
.100 .65023 .15047 .10000 .89311 .66667 

ZL= .100W0= .980151)0= •28231SI* .10000 
.200 .58078 .02278 .10000 .89311 .66667 

ZL= .200W0= .8754600= .0427351= .10000 
.300 .49250 -.03755 .10000 .89311 .66667 

ZL* .300W0= •74239U0= -.07044SI* .10.000 
.400 .40427 -.06133 •10000 •89.311 *66667 

ZL= a400W0= .60939U0= -.1150751w •10000 
.500 .32467 -.06617 #10000 .89311 .66667 

ZL= .500W0= .4894000= -.1241451* .10000 
.600 .25677 -.06191 .10000 •89311 .66667 

ZL O .600W0* •38705U0= -.1161551= .10000 
.700 .20081 -.05393 .10000 .89311 .66667 

ZL= .700W0= .302701)0* -.10118SIM .10000 
.800 .15576 -.04504 •10000 .89311 .66667 

ZL* .800W0a •23478U0= -.0845051* .10000 
.900 .12005 -.03659 .10000 .89311 .66667 

ZL= .900W0 .180971)0= -.0686651= .10000 
1.000 .09209 -.02918 .10000 .89311 .66667 

ZL* 1.000W0* .1388200= -.0547551= .10000 
1.100 .07038 -,02296. .10000 •89311 .66667 

ZL= 1.100W0= .10609U0s -.0430851 .10000 
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1.200 .05364 -.01789 .10000 .89311 .66667 
ZL* 1.200W0= .08085U0u -.03357SI= .10000 

1.300 .04078 -.01384 .10000 .89311 .66667 
ZL a 1.300W0 .06l47U0= -.02596SI .10000 

1.400 .03095 -.01064 010000 .89311 .66667 
ZL= l o 400WO= .04666U0= -.01997$1w .10000 

1.500 .02346 -.00815 .10000 .89311 .66667 
ZL- 1.500W0= •03536U0 -.015295Im .10000 

1.600 .01776 -.00622 010000 .89311 .66667 
ZL= 1.600W0 •02677U0= -.01267SI= 010000 

1.700 .01343 -.00474 .10000 .89311 .66667 
ZL= 1.700W0= •02025U0* -.008895to .10000 

1.800 .01016 -.00360 *10000 *89311 .66667 
ZL= 1.800W0m .01531U0= -,00675SIz 010000 

1.900 .00767 -.00273 .10000 .89311 .66667 
ZL 1.900W0m .01156U0= -.005125I* .10000 

2.000 .00579 -.00207 .10000 *89311 .66667 
ZL= 2.000W0* •00873U0= -.0038851= .10000 

0.000 .68634 .40700 .15000 .90222 .64169 
ZL* 0.000w0= 1.00000U0= .727285I= .15000 

.100 .68695 .14687 015000 *902222 .64169 
ZL* .100W0m 1.00089U0ft .26245SI= .15000 

.200 .62186 .01404 .15000 .90222 .64169 
ZL .200W0u •90605U0= .025095 Ia • 15000 

.300 .53294 -.04799 .15000 .90222 .64169 
ZL • 300W0* .77650U0= -.085755I v .15000 

.400 .44160 -.07176 .15000 .90222 .64169 
ZL= .4.00W0* .64342U0= -,12823S1= .15000 

0500 .35785 -.07579 .15000 .90222 .64169 
ZL= .500W0u .52139U0m -.1354461* .15000 

.600 .28553 -.07042 015000 .90222 .64169 
ZL tz .600W0n .4160100* -.1258451= .15000 

.700 .22531 -.06127 .15000 .90222 .64169 
ZL= .700WO= .32828110: --.10948S1= .15400 

.800 .1.7636 -.05126 .15000 .90222 .64169 
ZL= .800W0n .2569600° -.091595X* .15000 

•900 .13721 ".04180 .15000 .90222 .64169 
ZL ,,900WO* .19992110: -.0747051* .15000 

10000 #10627 -.03351 .15000 •90222 .64169 
ZLm 1.000W0 .1548400* -.0598751: .15000 

1.100 .08202 -.02653 ,15000 .90222 .64169 
ZLz 1.100W0 .11950UOm -.0474051* .15000 

1.200 .06313 -.02081 •15000 •902222 .64169 
ZL* 1.200W0* .09199110: --.0371951 015000 

1.300 .04850 -•01622 .15000 •90222 .64169 
ZL= 1.300W0u .0706600* -.0289981: ,15000 

1.400 .03720 .001258 .15000 .90222 .64169 
ZL= 1.400W0* .0541900* -.0224.881: «15000 

1.500 .02849 -.00972 .15000 .90222 .64169 
ZL* 2•500W0* •04151U0: -.0173751: .15000 

1.600 .02180 --.00749 .15000 .902222 .64169 
ZL: 1.600W0c .0317700* -.0133851= .150.00 

1.700 •01667 -.00576 •15000 .90222  .64169 
ZL: 1.700W0: .0242900: -.0102951: .15000 

1.800  .01274 -.00442 •15000 .90222 .64169 
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ZL: 1.800W0= •01.857U0= -.00789S1= .15000 
1.900 .00973 -.00338 .15000 .90222 .64169 

ZL# 1.900W0m •01418U0- -.0060551= .15000 
2.000 .00743 -.00259 .15000 .90222 .64169 

ZL= 2.000W0= •01083U0= -.0046351r .15000 
0.000 .70929 .41497 •20000 	. .91100 .61237 

ZLft 0.000W0= 1.00000U0= .70494SI= .20000 
.100 .72545 .1421.7 .20000 .91100 .61237 

ZL= .100W0 1.02279U0= .24151St= .20000 
.200 .66557 .00400 .20000 .91100 .61237 

ZL= .200W0= •93836U0= .0067951s .20000 
.300 .57639 -.05967 .20000 .91100 .61237 

ZLw .300W0* .81264U0= -.10137S1= •20000 
.400 ♦48208 -.08331 .20000 .91100 .61237 

ZL= .400W0u .67966U0= -.14152S1* .20000 
.500 :39415 -.08641 .20000 .91100 .61237 

ZL= .500W0* .55570U0= -.1467951= .20000 
.600 .31731 -.07981 .20000 .91100 961237 

ZL= .600W0= •44736U0* -.13559SI= .20000 
•700 *25267 -.06939 *20000 4.91100 •61237 

ZL= .700W0= .35623U0= -.11788S1= .20000 
.800 .19962 -.05818 .20000 .91100 .61237 

ZL= .800W0= .28144U0= -.0988351= .20000 
.900 .156.80 -,04764 .20000 	' .91100 .61237 

ZL= .900W0= ..2210700= -.0809451= .20000 
1,000 .12264 -.03840 .20000 .91100 .61237 

ZL= 1.000W0= •17290U0= -.0652351= .20000 
1.100 .09561 -.03060 .2000.0 .91100 .61237 

ZLI* 1.100W0* .13480U0* -.0519951= .20000 
1.200 •07436 -.02419 .20000 .91100 .61237 

ZL= 1.200W0= ol0484U0u -.04110S1* .20000 
1.300 ,05'773 -.01901 .20000 .91100 .61237 

ZL= 1.300W0= .08139U0= -.0322951= .20000 
1.400 .04475 -.01487 .20000 .91100 .61237 

ZL= 1,400W0= .06309U0= -.0252751= .20000 
1.500 .03466 -.01160 .20000 •91100 .61237 

ZL= 1.500W0= •04886U0n -.01970S1a .20000 
1.600 .02682 -.00902 .20000 .91100 .61237 

ZL= 1.600W0= .03781U0= -.01533S1ffi .20000 
1.700 .02074 -.00700 .20000 .91100 .61237 

ZL= 1.700W0= o02924U0u -.0119051= .20000 
1.800 .01603 -.00543 .20000 .911.00 .61237 

ZL= 1.800W0= •02260U0= -,00923SIft .20000 
1.900 .01239 -.00421 .20000 .91100 .61237 

ZL= 1.900W0= ,01746U0= -.0071551= .20000 
2.000 .00957 -.00325 •20000 .91100 .61237 

2LvA 2.000W0= .01349U0= -.0055351= .20000 
0.000 .73205 .42264 .25000 .91940 .57735 

ZL= 0.000W0= 1.00000U0m .6812551= .25000 
.100 .76565 .13620 .25000 .91940 .57735 

2L= .100W0= 1.04591U0= .21954SI= .25000 
.200 .71185 -•00746 .25000 .91940 .57735 

ZL= .200W0m •97241U0m -.012.03S1= .25000 
,300 .62282 -.07267 .25000 .91940 .57735 

ZLm ,300W0* .85080U0= -.1171451= .25000 
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.400 	.52569 -.09601 .25000 .91940 .57735 
ZL= .400W0m .7-1,811U0= -.1547551= .25000 

.500 	.43363 -.09803 .25000. .91940 •57735 
ZLO .500W0* •59235U0P -.15801$1s 925000 

•600 	.35221 -.09009 .25000 .91940 .57735 
ZL= .600W0= •48113U0= -•14522$1= •25000 

.700 	•28303 -.07831 .25000 .91940 .57735 
ZL= .700W0w •38663U0= -.1262251= .25000 

.800 	.22572 -.06583 .25000 .91940 .57735 
ZL= .800W0U o 30835U0= -.1061051- .25000 

.900 	.17904 -.05415 .25000 .91940 .57735 
ZL= .900W0= •24457U0* -.0872851= .25000 

1.000 	•14144 -.04390 .25000 .91940 .57735 
ZL= 1.000W0 •19321U0= -.0707651= .25000 

1.100 	.11142 -003523 .25000 .91940 .57735 
ZL= 1.100W0s .15220U0* -.056795In .25000 

1.200 	.08757 -.02807 •25000 .91940 .57735 
ZL= 1.200W0U .11963V0O -.0452551* .25000 

1.300 	.06872 -.02225. .25000 .91940 .57735 
ZL* 1.300W0= .09388U0* -.0.358751o .25000 

1.400 	.05387 -.01757 .25000 .91940 .57735 
ZL= 1.400W0u .0735800* -.0283251* .25000 

1.500 	,04218 -.01384 ,25000 .91940 .57735 
ZLO 1.500Wo= .0576300* -.0223051* .25000 

1.600 	.03301 -.01087 .25000 .91940 .57735 
ZL= 1.600W0= .0451000* -.01752S1= s25000 

1.700 	.02582 °.00853 .25000 .91940 .57735 
ZL= 1.700W0= .03528U0& -.01375S1n 925000 

1.800 	.02019 -.00668 .25000 .91940 .577.35 
ZLO 1.800W0= .0275800* -.0107751= .25000 

1.900 	.01578 -.00523 .25000 .91940 .57735 
ZL- 1.900W0= .0215600* -.0084451* .25000 

2.000 	.01234 -.00410 ,25000 .91940 .57735 
ZL= 2.000W0= .0168500* -.0066051# .25000 

0.000 	.75452 .43004 •30000 .92741 .53452 
ZL= 0.000W0= 1.0000000* .6562651* .30000 

.100 	.80760 •12886 .30000 .92741 .53452 
ZL= .100W0 1.0703500* .19664S1.* .30000 

.200 	.76078 -.02046 .30000 .92741 .53452 
ZLb •200W0* 1.00829U0= -.0312.25.,1a .30000 

.300 	.67232 -.08705 .30000 .92741 .53452 
ZL a .300W0= .8910500n -.1328551= .30000 

.400 	.57258 -.10989 .30000 .92741 .53452 
ZLw .400W0= .75886U0= -•16717051= .30000 

.500 	.47645 -.11067 •30000 .92741 .53452 
ZL* .500W0= .63146U0= -.1688951= •30000 

.600 	.39045 -.10128 .30000 .92741 .53452 
ZL* .600W0* .5174800* -.1545681* 930000 

.700 	.31666 -.08806 *30000 .92741 .53452 
ZL* .700W0* .4196900* -.1343951 .30000 

.800 	.25497 -.07425 .30000 .92741 .53452 
ZL= .800W0= .3379200* -.1133151= .30000 

#900 	.20425 -.06138 .30000 .92741 .53452 
ZL= .900W0= .27070U0= -.0936751= .30000 

1.000 	.16303 -.05008 .30000 .92741 .53452 
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ZLn 1.000W0m .21607U0= -.07642SIo .30000 
1.100 .12978 -.04049 .30000 .92741 .53452 

2L= 1.100W0rm •17201U0= -.06179S1 .30000 
1.200 .10312 -.03253 .30000 .92741 .53452 

ZL 1.200W0m 913667U0= -.04965$1= .30000 
1.300 .08183 -.02602 *30000 .92741 .53452 

ZL= 1.300W0m .10845U0. -.03971SIc .30000 
1.400 .06486 -.02075 .30000 .92741 ,53452 

ZLu 1.400W0m .08597U0= -.03166SIn .30000 
10500 .05138 -.01650 .30000 .92741 .53452 

ZL 1.500W0u .06810U0* -.02518SIm .30000 
1.600 .04068 -.01311 .30000 .92741 •53452 

ZL 1.600W0» .0539100= -.02000$1= .30000 
1.700 .03219 0..01039 .30000 ,92741 .53452 

ZL= 1.700W04 .042660= -.0158651* .30000 
1.800 .02547 -.00824 ,30000 .92741 .53452 

ZL= 1.800W0 .0337600= -.012575Im .30000 
1.900 .02015 .00652 .30000 ,92741 .53452 

ZL= 1.900W0= .026700= -.0099551t .30000 
2.000 .01593 '-.00516 *30000 *92741 .53452 

ZL= 2.000W0= .0211200= -.0078851= .30000 
0.000 .77658 .43711 .35000 .93501 .48038 

ZLm 0.000W0= 1.0000000 .6299951= .35000 
.100 .85131 .11997. .35000 .93501 .48038 

ZL= .100W0= 1.0962200= .17290SI= .35000 
.200 •81237 -.03510 .35000 

-----`_ 
.93501 .48038 

ZLw .200W0= 1.0460900=  ~. 
.300 .72490 -.10287 .35000 .93501 .48038 

ZL= .300W0= •9334500= -.1482751= .35000 
.400 .62277 -.12499 635000 .93501 .48038 

ZL= .400W0u .8019300c -.1801451= .35000 
.500 •52271 -.12436 .35000 .93501 .48038 

1L= .500W0 .67309U0= -.1792351z .35000 
.600 .43219 -.11340 .35000 .93501 .48038 

ZL* .600W0* .55653U0O -.16344SI= .35000 
.700 .35378 -.09867 .35000 093501 .48038 

ZL= •700W0a .4555600= -,1422051= .35000 
.800 .28764 -.08348 .35000 .93501 .48038 

ZL= .800W0= .3703900= -.12031S1= .35000 
.900 .23276 .0.06938 .35000 •93501 .48038 

ZL= .900W0= •2997200ffi -.09999$1= .35000 
1.000 .18774 -.05699 .35000 .93501 .48038 

ZL= 1.000W0= .24175U0= -.0821481m •35000 
1.100 .15108 -.04645 .35000 #93501 .48038 

ZLft 1.100W0u .1945400z -,06694$I= •35000 
1.200 .12138 -.03765 .35000 .93501 .48038 

ZL= 1.200W0= .1563000= -.0542651= .35000 
1.300 .09741 -.03040 .35000 •93501 .48038 

ZL= 1,300W0= M12543U0= -.04381S1= .35000 
1.400 .07811 -.02448 *35000 ,93501 .48038 

ZL= 1.400W0= •10058U0# -.0352951= .35000 
1.500 .06260 -.01968 .35000 .93501 .48038 

ZL= 1.500W0= .0806000= -.0283751= .35000 
1.600 .05014 -.01580 •35000 .93501 .48038 

ZLa 1•600W0= .0645700= -.0227751= .35000 
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1.700 .04016 -.01267 .35000 •93501 .48038 
ZL= 1.700W0- .05171U0t -•01827SI* .35000 

1,0800 .03215 -•01016 •35000 493501 .48038 
ZL* 1.800W0= •04140U0u -•01464SI* •35000 

1.900 .02574 -•00814 .35000 #93501 .48038 
ZL* 1.900W0m •0331500* -•011738I* •35000 

2.000 .02060 -•00652 •35000 •93501 .48038 
ZL* 2.000WO= •02653U0= -.0094051* .35000 

0«000 .79814 *44388 .40000 .94220 .40825 
ZL= 0.000WO= 1.00000U0= .602506I= .40000 

.100 #89688 •10937 «40000 .94220 •40825 
ZL* •100W0* 1.12371U0* •148455Iu *40000 

.2.00 .86674 -.05151 .40000 .94220 .40825 
ZL* s200W0= 1.08594U0= -.0699251* •40000 

•300 •78065 -•12019 .40000 .94220 •40825 
ZL* .300W0* .97809U0r -•1631451* •40000 

.400 .67638 -•14130 .40000 .94220 .40825 
ZL* •400W0* .84745U0= -.1917951 .40000 

.500 .57258 -.13907 •40000 .94220 .40825 
ZL* .500W0= .71739U0= -•1887751* •40000 

•600 .47765 -.12644 •40000 .94220 .40825 
ZL* •600W0* •59846U0= -•1716351# .40000 

.700 .39469 -•11Q15 .40000 .94220 «40825 
ZL= •700WO= .49451U0= -.1495151 •40000 

.800 .32408 -.09356 .40000 •94220 .40825 
ZL= •800W0= •40604U0* -.126995tm .40000 

•900 .26497 -.07821 .40000 .94220 .40825 
ZL= .900W0* •33199U0* -,10616S1= •40000 

1.000 .21603 -.06472 •40000 •94220 .40825 
ZL= 10000W0= .27066U0w -•0878551* .40000 

1.100 .17577 -•05319 .40000 .94220 •40825 
ZL* 1.100W0= .22023U0* -.0722051* •40000 

1.200 •14283 -.04352 .40000 •94220 .40825 
ZL* 1.200W0= •17895U0* -.0590751* •40000 

1.300 011595 -•03549 •40000 .94220 .40825 
ZL* 1.300W0u *14528U0= -.04818S1* .40000 

1.400 .09407 -.02889 •40000 •94220 •40825 
ZL= 1.400W0= .11787U0* -i0392151ll .40000 

1.500 .07629 -.02348 .40000 .94220 .40825 
ZL* 1.500W0* •09558U0ft .-•0318751* .40000 

1.600 •06185 -.01906 •40000 •94220 .40825 
ZLO 1.600W0* .07749U0a -•0258851 •40000 

1.700 .05013 -.01547 .40000 .94220 .40825 
ZL= 1,700W0* .06281U0* -.0210051= •40000 

1.800 .04063 -.01254 ,40000 .94220 .40825 
ZL* 1.800W0* .05090U0* -.01.70361c •40000 

1#900 *03292 -•01017 *40000 •94220 •40825 
ZLe 1.900W0= o041251J0 -•01381$Ia .40000 

2.Q O0 •02.668 -.00824 . 	•40000 .94220 .4082.5 
ZL m 2.000W0: •03342U0* -•01119SIc .40000 

0.000 .81905 •45026 •45000 •94896 •30151 
ZLO 0.000W0= 1.00000U0= •57372SI: ,45000 

.100 .94435 .09678 .45000 .94896 .30151 
ZL n .100W0,* 1.15299U0= .,1233151* .45000 

.200 •92386 -•06989 .45000 .94896 •301.51 
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ZL= .200W0¢ 1.12796U0 
.300 .83953 -.13908 

ZLa .300W0= i.02500U0- 
.400 •73338 -.15885 

ZL$ .400W0 .89541U0- 
.500 .62606 -.1,5482 

ZLu •500W0m .76438U0= 
9600 .52695 -.14042 

ZLc .600W0a .64337U0a 
.700 .43958 -.12253 

ZL# .700W0= •53669U0II 
.800 .36458 -.10453 

ZLz .800W0a .44513U0z 
.900 .30125 -.08795 

ZLO .900W0 .36780U0w 
1.000 .24830 -.07334 

ZL= 1,000W0c .30316U0z 
1.100 •20433 -.06082 

ZL 1.100W0 ,24947U0 
1,200 .16796 °.05025 

Z'Ln 1.200W0n •20506U0s 
1,300 .13796 --,04142 

ZLa 1,300W0 .16844U0= 
1.400 .11327 -.03408 

ZL= 1.400W0O •13829U0 
1.500 .09297 -A.02801 

ZLN 1, 500WOc 11351U0= 
1,600 .07629 -.02301 

ZL= 1.600W0c .09314U0 
1.700 .06259 --.01889 

ZL= 1.700W0= •07642U0= 
1.800 .05135 -.01550 

ZL,z 1.800WOc •06269U0= 
1,900 .04212 -.01272 

ZLO 1.900WOc .05143U0* 
2.000 .03455 -.01044 

ZLO 2.000WO= .04219U0= 
OGGRADATION ---K G BHATIA EQS 3.10.68 

-.0890561= •45000 
•45000 .94896 .30151 
-.17721S1= .45000 

.45000 .94896 .30151 
-.2024151+ .45000 

.45000 .94896 930151 
-.19727SIu .45000 

.45000 *94896 .30151 
-.17892SIn .45000 

.45000 994896 ,30151 
-.15613SIc .45000 
•45000 •94896 •30151 

+-.13319SI .45000 
,45000 .94896 .30151 
-.112068I= ,45000 

,45000 •94896 .30151 
-.09346SI= ,45000 

,45000 .94896 .30151 
-.07750SI= .45000 

.45000 .94896 .30151 
-.06403S I n .45000 

.45000 .94896 •30151 
-.05277$Iffi .45000 

,45000 .94896 .30151 
-.04342SIn •45000 

.45000 .94896 .30151 
-.03569SI* .45000 

.45000 .94896 .30151 
-.02932SIa .45000 

.45000 .94896 .30151 
-.024O7SIffi .45000 

.45000 .94896 .30151 
-.01976,SIu •45000 

.45000 *94896 ,30151 
-«0'1621SI* •45000 
•45000 ,94896 .30151 
-.0133051* .45000 

z 
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VII 

C C 	RAYLEIGH WAVE DISPERSION K.G.BHATIA 

VR 	 19 
	

E/v 

2.91344 
1.64552 
1.27956 
1. 12 366 
1.04365 
.99750 
.96861 
.94939 
.93598 
.92627 

1.64552 
1.12366 
.99750 
,94939 
.92627 
*91347 
.90567 
.90056 
.89705 
•89453 

1.27956 
.99750 
.93598 
.91347 
•90286 
.89705 
.89352 
.89123 
.88965 
.88852 

1.12366 
.94939 
.91347 
.90056 
.89453 
.89123 
.88923 
.88794 
.88705 
.88641 

1.04365 
.92627 
.90286 
.89453 
•89064 
.88852 
.88724 
,88641 
.88584 

.10000 

.20000 

.30000 

.40000 
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.88543 1:00000 
2.97454 .10000 2 ° 	~S- 
1.68002 .20000 
1.30639 •300300 
1.14722 .40000 
1.06553 .50000 
1.01841 *60000 
.98892 .70000 
.96929 .80000 
.95561 .90000 
.94570 1000000 y b 

1.68002 .10400 
1.14722 .20000 
1.01841 .30000 
.96929 •40000 
.94570 .50000 
.93263 .60000 
*92466 •70000 
*91945 .80000 
.91..586 .90000 
.91328 1.00000 sp 

1.30639 010000 
1.01841 .20000 
.9556.1 .30400 
.93263 .40000 
.92184 .50000 
.91586 .60000 
.91226 .70000 
.90992 .80000 
.90831 .90000 
.90715 1.00000 
1.14722 010000 eo 
.96929 •20000 
.93263 .30000 
.91945 .40000 
.91320 .50000 
.90992 .60009 
.90788 .70000 
.90656 .80000 
*90565 .90000 
.90500 1.00000 1tXe 
1.06553 010000 
.94570 *20004 
.92180 .,10000 
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.90932 .30000 
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.90500 .80004 
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.90400 1.00000 
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1.08582 .50000 
1.03780 .60000 
1.00775 .70000 
.98775 .80000 .97380 .90000 
.96370 1.00000 

1.71201 .10000 
1.16907 .20000 
1.03780 .30000 
.98775 .40000 
.96370 .50000 
.95039 .60000 
.94226 .70000 
• 93696 .80000 .93330 •90000 
.93067 1.00000 

1.33127 .10000 
1.03780 •20000 
.97380 .30000 
.95039 .40000 • 93935 .50000 
.93330 .60000 .92963 ,70000 .92724 .80000 
.92560 0 9000 
•92443 1.00400 1.16907 .10000 
.98775 .20000 .95039 .30000 
.93696 .40000 .93067 .50000 
•92724 .60000 
.92517 .70000 .92382 .80000 .92289 .90000  
.92223 1.00000 1.08582 .10000 *96370 .20000 .93935 .30000 .93067 .40000 
.92663 ,50000 .92443 060000 .92310 .70000 .92223 .80000 
.92164 .90000 .92121 1.00000 3.08264 .10000 1.74108 .20000 1,35387 *30000 

1.18892 .40000  
1.10426  •50000 1.05543 .60000 
1.02486 .70000 1.00452 .80000 .99034 .90000 
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.98007 1.00000 
1.74108 •10000 
1.18892 ,20000 
1.05543 .30000 
1.00452 .40000 
.98007 .50000 
.96652 .60000 
.95826 .70000 
.95286 .80000 
.94914 .90000 
.94647 1.00000 

1.35387 .10000 
1.05543 .20000 
.99034 .30000 
.96652 .40000 
.95530 .50000 
.94914 .60000 
.94541 .70000 
.94299 .80000 
.94132 .90000 
.94012 1.00000 

1.18892 .10000 
1.00452 .20000 
.96652 .30000 
.95286 .40040 
.94647 .50000 
.94299 .60000 
.94088 ,70000 
.93951 .80000 
*93856 .90000 
.93789 1.00000 

1.10426 .10000 
.98007 .20000 
.95530 .30000 
.94647 .40000 
.94236 .50000 
*94012 .60000 
.93877 .70000 
.93789 .80000 
.93729 .90000 
.93685 1.00000 

3.12863 .10000 
1..76705 .20000 
1.37407 •30000 
1# 20665 .40000 
1.12073 .50000 
1.07117 .60000 
1.04015 .70000 
1.01951 .80000 
1.00511 .90000 
.99469 1.00000 

1.76705 .10000 
1.20665 .20000 
1.07117 .30000 
1.01951 .40000 
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.99469 .50000 

.98094 .60000 

.97256 .70000 

.96708 .80000 
•96331 .90000 
.96060 1.00000 

1.37407 .10000 
1.07117 .20000 
1.00511 .30000 
.98094 •40000 
,96955 050000 
.96331 .60000 
.95952 .70000 
.95706 .80000 
.95536 .90000 
.95415 1.00000 

1.20665 .10000 
1.01951 .20000 
,98094 .30000 
.96708 .40000 
.96060 050000 
.95706 .60000 
.95491 .70000 
.95352 .80000 
.95257 .90000 
.95188 1.00000 

1.12073 .10000 
.99469 #220000 
.96955 .30000 
.96060 .40000 
.95642 .50000 
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•95278 .70000 
,95188 .80000 
.95127 .90000 
.95083 1.00000 
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