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DISTORTION OF BOTTOM REFLECTED PULSES 

By 

Ole F. Hastrup 

ABSTRACT 

The theory of linear syste ms combined with numerical Fourier transformation s 

and inversion is used to obtain the shape of a general pressure pulse after its 

reflection fro m a general multilayered sea floor . The method is used to 

calculate the shape of the reflected shock and bubble pulses after reflection 

from models with up to three layers and for different angles of incidence . 
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INTRODU CTION 

In the s'tudy of a sea bottom as a refle-ctor it is of impo·r tance to be able to 

calculate the shape of the refleded puls'e from tihe know1edge of the incident 

pulse, the elastic parameters o.f ttl·e bottom, ~.nd the layering system. Up to 

now the problem has been solved for sp~'Ci: $.1 selected mc;~.thematical pulses 

reflected from a liquid half - sp~c,e wher'e only ph~s·e distort-ion is involved 

(Ref·s . 1, 2, 3 & 4), and :not always with the sam·fi suce€ss. 

It i s, therefore, worth solving the problem in th e genier'·al case where there i s 

no limitation on the shape of th:e·inci·dent ptdse nor ON: the nu·mber of solid l ayers 

in the bottom . This can b e done by a.s·sU'rning plan·e waves and using ncrmerical 

Fourier transformation and inver-sion, and by t·re;&tifng the bottom as a l inear 

s y s tem . 
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L THEORY 

In t he general case the r e flection coefficient will be complex and frequenc y 

dependent, which means that a harmonic wave will be reflected not only with 

an a mplitude c hange but also with a phase shift. Therefore, to handle t he 

reflection of an arbitrary pulse f(t) we can expand this pulse into harmonic 

waves using a Fourier transformation given by: 

F(w) -iwt 
e dt 

where w is the angular frequency. F(w) is generally complex. D enoting the 

:ccmpl ex reflection coefficient by V(w), we know from the theory of linear 

-:1ystems (e . g. Ref. 5) tha t the output from V(w) caused by a harmonic source 

is "T(w eiwt' and from t he formula for the inverse Fourier transformat ion we 

p>:: t the reflected pul se. 

g( t) = 

oO 1 V(w) · F(w) 
-oO 

iwt e dw 

In t he ge:P-eral case both V(w) and f(t) are very complicated, and f(t) is often 

[.;"ven graphically, which means that numerical methods have to b e u sed for 

c::J.lculating g(t). 

-±:iwt 
Becc-.us e of the fac to r e in the integrals, it is impossible to use o rdinary 

qc.B.drature in evaluating the se . W e will, therefore, approximate the functions 

f{t) and V(w) • F (w) with a series of straight lines corresponding to a const ant 

ir terval length. 
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The determination of V(w) is carried out using a matrix procedure suggested 

by W. T. Thompson (Ref. 6). To be able to handle the gerrQral case, damping 

has also been included in the method, as shown in RBf.. 7. 

5 





2. NUMERICAL CALCULATIONS 

To handle the above indicated equation-s~ several pYog-.ci·a.mmes in ALGOL have 

been w:l:'itten for the Centre's Elliott 503 digital computer; 

The caJ.culatio·n of the shape of the refl~ot·e.d pul:Se involves the u€i:e of two 

programmes, either 

FOURIER INTEGRAL - PULSE SHAPE FROM PHASE SHIFT, or 

FOURIER INTEGRAL - PULSE SHAPE FROM BOTTOM REFLECTIONS, 

depending on whether it is .a simple~ H·quid, one -l'aye~ bottom or the general, 

multi -laye-red bottom .. 

To check the me:t'hod, the re.fJ.eGtton of a S·in@ puls'e involving phasES shift only 

has been us·~d~ when cheeked wi'~h the t:he'Oretieal curves it was found to have 

an accuracy of the order of het·ter than 2o/o. The results <tr·e shown in Fig. 1 

for different a ngles of phase sbift. 

For visualising the pulses the Centr~ '·~ Plotting tabl-e has been applied by 

u.sing a plotter programme, thel;'eby s a'J:ing time in both plotting and drafting. 
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3. REFLECTION OF SHOCK AND BUBBLE PULSE 

The signals chosen ±'or investigation are the shock pulse and the first bubble 

pulse from the bombetta explosion of a 200 gm TNT charge. The combined 

shape is shown in Fig. 2, but, to facilitate the digitising, each pulse is 

handled separately because the time interval (20 ms) iS great compared 

with the length of the pulse itself. Figures 3 and 4 show the spectra of the 

pulses. To cover the r ange from 0 - 12 kc sufficiently, steps of 25 cps were 

used . To simplify the calculations, time was scaled with one unit equal to 1 ms, 

which means that the f re quency range was from 0 - 12. 

(a) One -layered liquid bottom without damping 

In this case the theory gives a reflection coeffic ie-nt that is real and frequency-

independent fo r angles of incidence less than the critical angle and is complex, 

'Nith modulus equal one, after the critical angle. This means that in the first 

case the:re <wHl be no distortion but only amplitude - reduction, and in the second 

there will be a phase -distortion depending on the angle of incide nc e and the 

bottom constants. Figure 5 gives the relation between angle of incidence, porosity, 

and phase shift. 

The distortion of both the shock puls e and the bubble pulse has been calculated 

and the results are given on Figs. 6 and 7. Even if the two pul.ses had more or 

less the same shape before the reflection there is a very marked difference 
0 after, for example, a 60 phase shift does not change the shock pulse very much, 

whereas the bubble pulse almos't looks inverted. 
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To be ablE -tc use the reflected pulse shape - in this c9.se to ca_culate the 

phase shift and then also the porosity when the angle of incidence is known -

the ratio between the maximum and minimum amplitude is plotted as a function 

of phase shift as shown in Fig. 8. 

(b) Two and three-layered solidbottom 

The data used for the models are the s ame a s used in R ef. 7 and are given in 

Table 1 . To give an idea about the reflection coeff icient b as ed on the two 

models, the refle ction losses versus angle of incidence and frequency are given 

in F j g s . 9 -12 . 

TABLE 1 

Model 

1 0 .5 0 0 1 - W ater 

A 1.055 0. 26 0. 468 1 1.5 1. 89 1 45% po r osity 

L 13 0.4 0 0 .428 1.5 2. 5 2.05 - 35 % porosity 

1 0 0 .5 0 0 1 - W ater 

. 1. 055 0 .26 0 .468 1 1. 5 1. 89 1 45% porosity 
B 

1. 133 0 . 40 0. 428 1. 5 2. 5 2. 05 1.5 35% porosity 

1. 87 1. 07 0.25 0.5 0.75 2. 2 -· limestone 

To chec.K the accuracy in the time -scale first, the reflect ion from vertical 

incidence has been calculated u sing Models A and B, a.nd A and B without 

damping, covering the time scale from - 0 . 2 to 9. 8 for both shock pulse and 
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bubble pulse. The results are shown on Figs. 13 and 14. The calculated 

arriva:l times are given corresponding to the different reflections shown on 

the figures. To s·eparate the rays, th€y are shown with a certain angle of 

inaidence. 

The calcu1a:ted times correspond very closely tb the curves, and the whole 

ev·ents of reflections from d:itfeterit layers shb'\v up very clea-rly. 

The influence of angle o.f inddenae is g-iven for the different model configurations 
. . 0 0 0 0 0 and pulses for the followmg angles: 0 , 20 , 40 , 60 and 80 . The results are 

shown on Figs .. 15-22. In the case o:f model B the shap-e has been calculated for 

a longer time to show the reflections from the lowest inil:er'face. 

To show the influence of the different models on the peak amplitudes, these a r e 

given in Figs·. ·23 and 24 as funcHons o.f the angl.e of incidence. The most obvious 

things one will observe are: 

a) the very little difference between the two -layer and three -layer 

models in the case of the positive peaks, 

b) the very little influence of shear for a:ngles less than the critical, and 

c) the considerably larger values for pos<ifive peaks in case of no shear. 

Looking at the shape of the reflected pulse for 80° incidence it might be 

interesting to use Figs. 5 and 8 to calculate back to the porosity of the upper 

layer under the condition of no shear. The ra-w) ...,:(A /B) in Ftg. 8 will be 

respectively 0. 47 and 1. 3 for shock and bubl:>·l€ p11lses, which gives the angles 
0 0 0 88 and '75 o·r, using the average 82 in Fig,; 5, le.ads to a porosity of 43o/o 

compared with 45o/o "\J:$ed in t'he mo,del. 
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