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ANALYSIS OF IMPULSE S'I'I(I;SS PllOPAGATION 

IN A VISCO-ELASTIC WEDIMI 

In  problems where s p e c i f i c a t i o n  o f  material p r o p e r t i e s  under  

c o n d i t i o n s  of dynamic loading i s  nece s sa ry ,  the  q u e s t i o n  of m a t e r i a l  

s e n s i t i v i t y  t o  s t ress  and s t r a i n  p a t h s  hecomes a most important  cons ide r -  

a t i o n .  In a s o i l  m a t e r i a l  where immediate and subsequent  performance 

c h a r a c t e r i s t i c s  a r e  i n t i m a t e l y  r e l a t e d  to past h i s t o r i e s  o f  s t r e s s  and 

s t r a i n ,  an assessment of t h e  p e r t  incnt m a t e r i a l  propert i e s  becomes 

d i f F i c u l t  u n l e s s  a proper  accounting of prev ious  h i s t o r i e s  is made. 

'I'he problem i s  a l l  t h e  more cmplicated if dynamic and t r a n s i e n t  

load ings  a r e  i n t r o d u c e d  a5 e x t e r n a l  c o n d i t i o n s ,  slncc t ime  r e sponse  

c h n r a c t e r i s t i c s  of s o i l s  now demand that the  inelastic behav iour  o f  

t h c  m a t e r i a l  be s tud iQd i n  a d d i t i o n  t o  t h e  well established h y s t e r e t i c  

performance c h a r a c t e r i s t i c s .  

The problem under  i n v e s t i g a t i o n  relates d i r e c t l y  t o  the 

measurement and e v a l u a t i o n  o f  dynamic properties of c l a y s  under  

conditions of load ing  such as t h o s e  provided by moving s u r f a c e  loads 

[wheels ,  v e h i c l e s ,  t r a c k s ,  e t c . ]  or through penetrating devices  i n t o  

t h e  s o i l  [wedge and cone  i n d e n t a t i o n  i n t o  s o i l ] .  The b e h a v i w r  of thc 

s o i l  d i r e c t l y  below t h e  s u r f a c e  i n  the case of s u r f i c i a l  l oad ings ,  or 

directly ad j acen t  to t h e  p e n e t r a t i n g  wedge o r  cone,  can be de sc r i hed  i n  

terms of e i t h e r  t r a n s i e n t  o r  dynamic load-response c h a r a c t e r i s t i c s ,  A S  

an immediate requ i rement ,  va r i ous  m a t e r i a l  pa ramete rs  and moduli a r e  

needed f o r  a p p r o p r i a t e  ana ly se s  t o  be made. 



Thi s  r e p o r t  p r e s e n t s  a numerical nethod which a l lows  one t o  

compute t h e  t r e n s f e r  f unc t i on  of  a two dimensional  system composed of 

a frequency dependent m a r e r i s l  - s o i l .  This srises from i n i t i a l  

cons ide r a t i ons  of t h e  a n a l y t i c a l  s t udy  which examines a f i n i t e  l eng th  of 

t he  specimen r e s t i n g  on a f ixed  base  - see F i g .  l i n  S e c t i o n  A .  A 

simple model i s  assumed based upon a v a i l a b l e  exper imenta l  expe r i ence ,  and 

t h e  f a c t  t h a t  a  p r e s s u r e  d i s c o n t i n u i t y  cannot be p r o p e r l y  t r a n s m i t t e d  

through a c l a y  m a t e r i a l  [Yong, Krizek and U u t e r t r e  (1973)l. The 

t r a n s f e r  f unc t i on  which r e l a t e s  the p r e s s u r e  a t  one end of t h e  specimen 

due t o  an i npu t  p r e s s u r e  a t  t h e  f ree  top surface a i ious  one to compute 

t he  response  of t h e  specimen sub j ec t ed  to en impulra, a s t e p l o a d  o r  any 

a r b i t r a r y  t r a n s i e n t  load  func t ion .  The speed of propagat ion of an 

impulse i s  known t o  be c l o s e l y  r e l a t e d  to t h e  speed of p ropaga t ion  of  

t he  maximum d i s t u r b a n c e  i n  m a t e r i a l s  possess ing  l i t t l e  i n t e r n a l  damping. 

llorever i n  a d i s p e r s i v e  m a t e r i a l ,  the p r o p e r t i e s  measured i n  classical 

t r a n s i e n t  wave t e s t s  a r e  found t o  be related t o  t h e  lower resonan t  

frequency of  the specimen t e s t e d .  Thus i t  becass  important t o  

i d e n t i f y  t he  p roper  c h a r a c t e r i s t i c s  of m a t e r i a l  performance,  and 

e s p e c i a l l y  the a c t u s l  speed o f  p ropaga t ion  i n  t h e  d i s p e r s i v e  m a t e r i a l .  

The measurement of t ima o f  a r r i v a l  of a p u l s e  and the a s s o c i a t e d  c a l c u l -  

a t ions  f o r  t h e  e v a l u a t i o n  o f  t h e  various moduli which c o n s t i t u t e  the 

exper imental  and a n a l y t i c a l  phase of t h i s  kind of s t udy  have been 

r epo r t ed  p r e v i o u s l y  [Yong e t  a l .  (1973)). In  t h i s  r e p o r t ,  we p re sen t  

the numerical  method u h i c h  allows for the examination of t h e  t r a n s f e r  

funct ion  i n  t h e  s o l u t i o n  o f  t h e  problem of wave propaga t ion  i n  a 

v i s c o - e l a s t i c  m a t e r i a l  which i s  assumed to model the performance 

c h a r a c t e r i s t i c s  o f  c l a y .  



hYALYTICAL SOLUTION OF A FIh'I'R u?ICTPI lion 

RESTING ON A 1rl:xxn B A ~  

A . 1  Problem d e f i ~ t i o n  

Equat ion  of state  for  the visco-e last ic  material i s  given as 

0 
c = E e + l c  

Thc input c(5,t) is known and ~(0,t) must be computed. 

2 Transfer funct ion  

nlc transfer function relating u(0,t) t o  u ( ~ , t )  can first 

IT obtainctl : 

The equation u f  motion i s  



Using the equation of atate A-1  and djfferent i i l t ing w i t h  respect 

t o  x yields 

Thcn A-5 becamcs 

The Laplace trensfom of equation A& is 

uhcrc is the transfoml of u and p is thc Laplace variahlc. Ile- 

arranging A-7 yields 

Using  x a s  a new variable the Laplace transform c s n a p i n  be applied 

whcrc the fixeo en3 bo~tndap condition has hccn introducea 



1:quation 4-10 c a n  be inver*ted y i e l d i n g  

i n  - 1 1  the equat ion o f  m o t i o n  i n  the Laplnce domain. I t  is 

nokm possible t o  jntroaucc the bounaary condi t ion  a t  the f r c c  end ~11el-c 

the s t r e s s  is o(t,t).  Using equatjon A - 1  y i e l d s  : 

In clw Laplace dorniiin A-12 becomes 

c a n  bc computed from cquation A - 1 1  
ax 

A-IS 

E q u ~ t  ion ;I-16 can bc used j n conjumct.iun wit.h t.he bounaary c o n d i t i o n  

11-14 



vliich cim be usetr i n  equation A-11 t o  obtain thc tr;~nsfonwn a i s -  

placement as a f u n c t i o n  of the transfonnco input  

- 
u(x,p) .:- 

a t , ~ ,  G P  1 
E + lp P 

sinh +-I?+- x 

cosh 2 ~./iGi 

- 
~ ( x , ~ )  being known i t  is possible t o  computc E(o ,~ )  

Taking t!lc Laplace transform of cquiiCi0n A - 1  and replacing ii(~,~) by 

i t s  value given by equation A-19 

Let t ing  x - 0 yielas the desired stress at the bottom 

cosh 

Equation A-21. gives t h e  transfer function p)  in thc Laplacc ormain. 

cosh A 
dl + ,p 

Let t ing  p - i w  yield8 the  trmsfcr function in the frequency donsin : 

A-23 
cos 



A.3 llesponse to an impulse 

If o ( ~ , t )  == $(t) where 6 ( t )  i s  Dirac's d c l t a  f u n c t i o n ,  

then 

and thc  inverse of the t r a n d e r  function g i v e s  the rcsponsc of thc 

system. 

h ( t )  can bc obtained using 

h ( t )  Aesiaues of j f ( ~ ) ]  

P( 1 :Wd the resiaues of f (p )  can be calcula ted f rm R = - f o r  each 
QW 

pole of f ( p ) .  



Solution u f  cquntion A - 3 1  y i e l d s  the p o l e s  : 

Xot a l l  roots  o f  equasion A 4 3  are v d i a  becauso a f  thc square root 

in equation A-ll. .Solut.ions g iven  by equation h-34 must ke checlrco 

; ga in s t  equ:) ti on A-31 t.hus eliminating unwanted roots. 

As n writs from - t o  +, voots o f  equation A-34 c a n  h e  

c lass i f i ed  as fol low: 

r.wo real  complex con juga te  two r e d  
3 ; l t i . v ~  rocrs negnr ivc roots  + 

I - m 
"2 o "r tQI 

constants nl and n, can LC evhluated  from : 
& 



After elimination of the kinwanted roots, t h e  p o h s  p 

complcx plane ,  look as fo11ows: 

complex 

plane P 

w pole p 



For n + k  a11 poles accwnu1;rtc 0x1 t h e  real axis, one set  a t  a p o i n t  

1 - - and the other set tcntting t o  - . k c a u s c  the poles ave negative, 
@ 

equation A-32 shows that  t h e  residues w i l l  convcrgc to zero with 

increas iq  In 1 - 

This does not p w v c ,  t-Iiough, that the scrics  of the sun! of 

the resiitues converges. For rhe  latter to be so,i r should be shorn 

that (Doetsch 1961) 

J ePt qp) dp - 0 A-39 

rl 

for rl - m . 
Recause numeric~l r c s d t s  actually converge very f a s t  w i th  a m a l l  

number of poles i t  was n o t  found n e c e s s . q  t o  prove equation A-39. 

Numerical computations to solve equation A-2.5 are carried 

out in a FORTILIS subroutine REPIUP the t c x t  of rrhich follows on t h c  

next page. 

h.4 ilespcnse t u  an arbi trary  input  function 

Knuwing the  response t o  an impulse the response to a q  

forcing function can be obtained 

h-hose ; nvcrst! i s  r c x i i l y  obtainea using hhmelfs integral 

t 

g ( o , t . )  :: , h(t-7)  s(<,-) a- 

0 

Integral 1 \ 4 1  i . s  evaluated i n  thr: l ~ ' lWT l l~ tX  subroutine MlKL . 



0.1 : n t r o ~ ~ u c t i o n  

Tht? rly n m i c  analysis ( m o m 1  emlysis and inteq;ht ion) is 

done by tlic ;mTgrar:l EL-2D. T h i s  program 143s rkvclopc;r  both w j  th 

static and dynamic capabilities. I t  is a fa i r ly  general two 

dfmnsional  finite-elenent program which can be used ei  thcr fo r  

pmarlction o r  teaching. .%m of its c h ~ r n c t c r i  s t i c s  arc : 

- input  characteristics : i t lyut  has bccn s i m p l i f i e d  to a 

m a r i n m .  Complctc f rcc format i s  u s c d ,  r e x t  can f i g u r e  on 

t lw cnrt!s (cements or title or option choices). T h i s  eascs 

thc usc~'s work. Options are Selected a t  the userts rlisccction 

and iicf.iult options are always provirielr. .U1 options, 

conventions, data-deck structure, error messages. . . are dcf  incd 

i n  thc user's mmual vhich follows as pzragrapI1 0-3 (special  

nynmic options f o r  this  thesis are presented after the inantd). 

- computational chi~rxcteristics : The program was  developpert 

on a computer w i t h  ad!. approximately IZK wrds of 23 b i t s  

available. Cmat care had t o  be taker1 t o  save mcmoly space. 

An overl.ay structtlrc had t o  be used ana i s  shown on figure D - 1 .  

me asscmbleci stiffness m t r i x  i s  kept in memory as a whole 

allowing an i terative mcthott to be employed for  thc eigenvaluc 

deterrni nation ( s e e  s e c t i o n  B - 2 ) .  The stiffness matr ix  i s  bandca 

d i a g a d l ~ '  ana i x  first decomposed using a CIiolewskq- 



- a2 - 
ELEMENTS FINIS 2 0  

STRUCTURE 

FIGURE B - l  ... / .  



FLOW CHART FOR E L 2 0  m Y  

FIGURE 0-1 



algoritlun. Tile complete program text i s  not given, 

only the eigen-value and eigen-vector detenaination overlay 

is presented. 

R.2 Eigen-value ana cigen-vec tor Uetermination 

ka.1 Introduction 

7he gcneralizea charac teristic-value problem o f  the form 

is  tn~011ntCMd i n  dynmnic analysis of structures where - M and - K are 

msptctivtly the mass and stiffness matrices. Hmy publications present 

the problem and i t s  s o l u t i o n .  However unly a few take advmtage o f  the 

particular forms of matrices and K. - [Bronlund 1969; h p t a  1970; 

Peters and Wiilkinson 19691. 

K - is a symmetric positive definite banuea matrix anu M is 

a m t t i c ,  often non-definite matrix. I t  i s  banded l ike  K - i n  the case 

of a continuum and diagonal i n  many engineering applicati.ons. A procedure 

which preserves the bamd f o m  of matrices H - and - K is based on the 

iterative method as described by Frazer (19381 and Hurty [1964]. 

T h i s  procectum enablqs one t o  obtain the p + lat eigenvector and 

eigenviiluc providing the first p ones arc available. Tl~eoret icdly ,  

a l l  eigenvcctors can be obtained, y e t ,  because of numerical computations, 

the proccssus becomes unstable unless p e a t  care i s  taken to avoid 

numericdl e r r o r s  propagating. 

Thc purposc of this sect ion is t o  present an algorithm which 

minimizes numerical errors. After presenting the technique, a h n d  

example w i l l  be carried out. Kumerical resKlts w i l l  be presented and 

compared to that  of  ear l ier  workers. 



n.2.2 Kmtrieal  - techni quc 

B.2.2.1 PSrdt M d C  

Fquatjon U-1 can bc uscd us such and the r. t- 1 iter;lt,ion 

nttp  is : 

&if11 invrlves 

- premdt ip l i car ion  of guess vector - x ' ~ )  by - EI 

- solution of the system of l inear  equations leaaing t o  

- ex t rac t  I on of t h c  i m h e  from 0, 5 (*')) v c c t v r  by subject in^: 

it to thc same normdiz ing  process as guess vector - was 

subjected t o .  This i s  usually dcne by arbitrarily sctting 

equal t o  anc the lurgest cmpomnt of x. - 

This sequence of operation enables one to  kecp !I and K i n  t h e i r  - - 
original forms. The time required for m e  iteration cycle i s  grcatly 

reduced i f  ;I d e ~ o ~ p o s i t i o n  tcdmiqq, Like that O f  U l o l c u s ~  (Umvcr 19b j), 

is used t o  solve the systcm of linear equations. 

Even whcn applied t o  large systems, t h i s  iteration ck7nrcrgcs 

very fast on the f i r s t  (largest) eigenv.due and cigenvcctor, 

11.2.2.2 Following modes 

ISquation R-2 must bc modified to oblige the proccvs to converge 

on higher nodes. The iterative process becomes : 



where sweeping mutrix 5 conrains the orthogonal i~  cquations e x i s t i n g  

between rile p + lSt v e c t o r  desired and the p ones dreacty ob ta inco .  

f i e  itcriltjve process as described by equati.on D-3 convcrg~?s 

providing mtrix - 3 is accurate enough. 

8.2.2.3 Construction of s w c e p i r ~  matrix (stanUaru fonn) 

L c t  us  suppose that p eigenvalues A .  and eigenvectors are 
I 

kmm (i - 1, 2 . . . p)  and that we are looking for the p -t Pt one. 

Wc can wri t.e p urthgonal i ty  equations of the form : 

v i t h  

n i s  tllc nmbcr of urknowl~s i n  t h e  l inear  system. 

A matrix h' can be formed 
-P 

or simply 



0.2.2.4 Construction of sweeping rn;itrix ( m o n i f i c d  form) 

Kqu i~ t  ion sliovs the mathm~tica l  form of the proccss.  Tf 

of thc corrgonents of matrix arc small w i t h  rcspcct t n  t11~1sc $ 
$ ,mat r ix  S is bound to contain large n m e r i c d  errors. Tn ordcv 

of -P -P 

grcvent ettc later, operation i n  equation E-S can bc  replaced by a 

tm phase mani p l a t i o n  proccss enabling one: 

- to selcct  the iargcst  pivotal element, associated wit11 tach 

vector 3~ 

- to replace the matrix product 

yhere x is t h c  guess rector and X t h c  f f c o n s t r a i n e ~ f '  gaess vector, - -z 

a backward elimination wpc solutiou of the fonn 

fi 
Nhtm x - is a m d i f i e d  gucas vector : 

C. 
and S i s  tkc woAifiea sxeeping mtriu. 

rp 
-: 

a t  S i s  dircctly obtained from W mtri K of cquatinns 
-P -P 

8-6 ana I?-7: 1:'mry time a t ~ u  eigenvector i s  obtained, one rob- i s  

added t o  matrix I: Svbmacrix $# is kept upper triangular us in( r 
-P ' 

domw;lro e l jmini i t ion  proccss applied to a whole mu. Thc p row is thcn 

n o m a l i z c d  so t h a t  a ~ a l t l e  s q u d  t o  unit). appears on t.hc diagand of 
. . 

suhrniitrix 9 . After these transfonutions, it' mat-rix ig called lu':: . + -P -P 



Inn : or  i n  simpler fL 

1 i:. 
*re i a upper t r i  angdar.  

' I  

k t r i s  S' i s  then obtained : 
7' 

h r i n g  the dowwara elillkination, thc largest pivotal  element. 

of a r o w  call he used, thus minimizing numerical errors. An index 

v e c t o r  i s  collstructed to mernorizc p i v o t d  p o s i t i o n s  selected allowing 

to access them through i n d i r e c t  a~ttrcssing. I t  is importatlt t o  notc 
* 

that very few manipulations are necessary to ohtain S matrix. 
-P 

ii <- 
I t  is o f  course unnecessary t o  construct matrix S when Is' 

-P -P 

~ ~ ~ ; ~ t t . l x  i s  avirilable. 1;quation 8-10 can be solved with an algorithm 
* 

bui l t  directly o n  li matrix. 
T 



U.2.2.5 I ter i r t iun c 0 n t r o ~  

Convergenc~ must be chccked on cigenvectors as they 

cnnIJr rge s:l ovcr elmn thc I r ausuc iascd ejgenvalm5. Very p r r c  i s r  

l olerd~lcr!! must ba: fiivr'tl 011 tllc f i r s t  vectors to prercnt t lw %y!.tcm 

I f  matrix El i s m times singular, (i . e .  contains rn zeros on - 
tl:c didgoni l )  i t e r a t i o n  contrcl need not be done on t lw III correspunrli I I ~  , 

components u f  the ei genvcctors. m rows can thereforr! be elirninntrd 

r 
f r w  mttrix W thus saving a l i t t l e  nwre computer spncc. 

-P 

I .  2 . 3  Numerical examples 

n. 2.3.1 Hma calculations 

A generalized c h a r a c t e r i s t i c - v d u e  prsblrm u f  the f o m  

i s so lved  by ~ u r q  (1964) using a s t ~ n d ; i d  iteratioil technique. The 

.;;uric problem w i l l  be dealtwith,  keaping equation U-15 i n  i t s  i n i t i a l  

form. 

The f i r s t  eigenvdue and c i g c n w c t u r  do n p t  present av problcm. 



:: 
8btrtrt hr can be conxtructeci : - 

and itcrnrion OII the sccontr morre can proceed : 

with 1 .801938 .445042 

0 1 0 

0 0 1 

A few steps  will be inuatrftted : 



where p i v o t a l  element nmhcr 3 has bcen selected for the secona 

tigenvector. For a 5 x 3 only onc step of iteration is neccxary 

lexiing t o  : 

8.2 .3 .2  Electronic computations 

The m u l t i f r m e  b u i l d i n g  dcscri1;ed by Hurby ana Hubinstein [19ir4] 

anri used by Guvta i1970; was c h s e n  t o  t e s t  the algori thm. 

I t  i s  a 19 storeys  4 bay frame which presents the interesting 

particulariq of hiwing been computed with different assumptions 

an3 the results publisheil. 

Even though synunetric;~l, it was enterea as a whole t o  WOI-lc on 

a bigger numerical system. Three coordinates w e r e  used for each j o i n t  

allowing vertical  accc1er;tt i o n s  and axial deformations, horizontal 

beams incluoea, t o  bc takcn c;wc o f .  



Titblo 11-1 sl1crw.u v;ll 11th o f  tho r l q ~ t c n c y  uht ,~ i  ncd fvr chrr 

-5  T i  1,s t svvc l l  Iwrk!:; .  A I i v  C i  i I 1 w:ln ~ i n p x C I 1  on 

tach cigcnvector. lksults aKrcc w e l l ,  slightly lowcr frcqucnc~c:. 

must be a c t r i b u t e n  to the effect  uC wil l  defonnaciun of thc 

horizontal bcanrs. 

Gupta (1g70)  

e ~ t  

L O I E R  FRLQULNC IES OBTAINED BY EL-20 PROGRAh! 

COkPARED TO TINT 01: CUPTA (197 0) 

TABLE 8-1 



The complete t e x t  of the algorithm presented can be foucd in 

Dutmrtre (1972) .  When t h i s  program i s  called C[XIWON, the following 

variables are contained: 

)I Sumber of unknowns (or coordinates) 

KDYW r tiumber of modes requested 

O(SOO] - Mass matrix i n  kip (force) 

s(1) = First address of decomposed stiffness m a t r i x  (diagonally 

banded). 

Lach new e i g w v e c t a r  i s  output on disk and the corresponding 

ebpnvalue i s  placed i n  V P ( 1 ) .  In order t o  save memory space t h e  

~tiffness matrix, the eigenvectors used during one iteration s t e p  and 

the weaping matrix are stored one after t h e  other in  the same vector 

with no gap in  between. The same name i s  therefore used for these 

umriablcs i n  t h e  mair. program. Indirect  addressing is obtained when 

using a CALL t o  a subroutine.  



PART if - SECTTON C 

C .1 Jntroduc t i u n  

The tren?$er Tunct ion nf r system can he cnmputed i f  t h e  

normal m a l e s  are knom using the equations 

with UI = -  
r' tcr 

< can be cmputed from 
* a t  



C whl c - n ~  dct'ini tion ;u~d sol ut  in11 

2 Cons idcr ii t e s t  smpl c w i t h  p h p i c a l  properties 1,: : 6OOO 1l*s/i11 % 

a :- 1.0 lo-', L = 3 i n ,  a s ecr ion  of uni ty  and a viscosity l' - 0.04 .  

For computn tion purposes the sample is div ided i n t o  'LO discrete 

elements a s  i n d i c a t e d  on figure C.1. Modes are nund>ered from 1 

t o  21. Elodc numher 1 i s  f ixEd and a l l  tho others are free to mve 

h m i z o n t a l l v .  The modulus is assmed t o  be independent of frequency 

and c(o,t), pressure a t  the bottom, i s  proportional t o  the displacernet~t 

d ~ d e  2 .  

i f  x2 is the complex representation o f  u according t o  cquation 2' 

1.2.60 

Computations are l imited t o  the f ive  first nwdes. The 21 x 21 



btODEL DISCRETIZATION 

FIGURE C - 1  



?iarmil modcs and periods as computed by KLZI) program 

are prcserited in t a b l e  C . l .  

llampin,: on each modc i s  computed f r o m  equation I. 2.41.  

Mble C . 2  prescnts  values of the complex impedance ot' each modc 

Tor dif ferent  v ; ~ l u c s  of frequency m. 

Load v c c t o r  depends 011 the aas~uned l oad ing ,  To obtain 

the transfer fwic t ion  of the bottom prrssut'e for a t o p  input 

pressure than =. _O but fo l .  c o o r d i n a t e  nmber 21. Computations 

*lied b?. equations C . 5  and 2 . 7  are prescnted on tablc C.3. 

bst column of thc tab le  i a  l x Z 1 / I ~ s t  

transfer function d ~ c r e  

the modulus of the actual 

Figure C .  2 sl!ous thc ampl i tude  of the transferh E m c t i o n  vct.sus 

f requcncy , 



- ? e r n  h w t  -1-n mr-+ 
:# :ON f l O 1 0  U , O N  M O Z  LOON 
- 1 - 3  mc- f -  mrclm m h m  mr - rn  





Mode 2 Mode 3 

-1 I 1 

Hods 4 - 
-1 

1.149 l o 5  

-4.55 lomb 

-4.56 

-3.64 lod6 

-4.7s 10 -~  

-5.04 

-5.57 1 0 - ~  

-6 .39 lom6 

-7.37 

-9.17 

Rode 3 

-1 

1 . E 6 b  10' 

-6 -3.46 10 

-3.49 

-3 .52  

-3.53 10- 
b 

-3.7 10-6 

-3.92 lon6 

-4.22 1 6 '  

-4.57 lom6 

-5.03 10- 6 

CGIPUTATION OF THE TRANSFER FUHCTION 

TABLE C-3 
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