
March 25, W69 P. TOURNOIS 3,435,331 
DISPERSIVE ACOUSTIC LINE USING TWO-LAYER FLUID MEDIA 

Filed April 25, 1966 . Sheet / of 5 

FiG.2 



March 25, 1969 P. TOURNOIS _ 3,435,381 
DISPERSIVE ACOUSTIC LINE USING TWO-LAYER FLUID MEDIA 

Filed April 25. 1966 Sheet 2 of 5 

VE. 



March 25, 1969 P. TOURNOIS 3,435,381 
DISPERSIVE ACOUSTIC LINE USING TWO-LAYER FLUID MEDIA 

Filed April 25, 1966 Sheet 3 of 5 

~ \ X . . 
IIIIIJIIIIIIII'IIIIIII A 



March 25, 1969 v P. TOURNOIS 3,435,381 

DISPERSIVE ACOUSTIC LINE USING TWO-LAYER FLUID MEDIA 

Filed April 25, 1966 Sheet 4 of 5 

F/Ge6 

\ \\-\ 

\ 
\. 
V) 



> March 25, 1969 ' p_ TQURNQIS 3,435,381 

DISPERSIVE ACOUSTIC LINE USING TWO-LAYER FLUID MEDIA ’ 

Filed April 25, 1966 Sheet 5 of 5 

.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII x 



1 

3,435,381 
DISPERSIVE A€0USTIC LINE USING TWO-LAYER 

FLUID MEDIA 
Pierre Tournois, Paris, France, assignor to CSF Com 

pagnie Generale de Telegraphic Sans Fl], 21 corpora 
tion of France 

Filed Apr. 25, 1966, Ser. No. 544,785 
Claims priority, application France, May 3, 1965, 

15,518 
Int. Cl. H03k 7/30; H01p 3/06 

US. Cl. 333—30 10 Claims 

There exist many types of dispersive lines for com 
pressing pulses. They use as propagating medium strips, 
wires or strati?ed solids. Such dispersive lines are in par 
ticular used in radar systems, to increase the range whilst 
maintaining an excellent resolution. 
The pulse compression technique is also applicable to 

sonar equipment; provided the dispersive lines are suit 
able for low frequencies. However, since the duration of 
the pulses to be compressed is then of an entirely different 
order of magnitude, lines of known types are generally 
unsuitable. Since the frequency excursion is reduced in 
this application and the pulses to be compressed have a 
substantially longer duration, the delays are insu?icient 
to produce effectively the desired compression. 

It is an object of the invention to provide a delay line 
which is suitable for compressing acoustic pulses. 

According to the invention there is provided a disper 
sive acoustic line for compressing electrical signals fre 
quency modulated on a carrier wave, comprising: a hol 
low acoustic waveguide having two ends; ?rst and second 
?uid media ?lling said guide; said media forming a ?rst 
and a second superimposed layer extending from one of 
said ends to the other; said ?rst ?uid medium propagating 
acoustic waves with a higher phase velocity than said 
second ?uid medium; ?rst electroacoustic transducer 
means coupled to said second layer at one of said ends for 
generating in said ?rst and second media an acoustic com 
pressional wave in response to said electrical signals and 
second electroacoustic transducer means coupled to said 
second layer at said other end for receiving said compres~ 
sional wave. 
For a better understanding of the invention and to show 

how the same may be carried into e?ect reference will be 
made to the drawings accompanying the following de 
scription and in which: 
FIG. 1 shows a strati?ed medium as used in a delay line 

according to the invention; 
FIG. 2 is an explanatory drawing; 
FIG. 3 is a chart, showing the properties of the strati 

?ed medium of FIG. 1; 
FIG. 4 shows the wave trains propagating between the 

ends of a dispersive line; 
FIG. 5 shows one embodiment of a dispersive line ac 

cording to the invention; 
FIG. 6 is a further embodiment of a dispersive line 

according to the invention; and 
FIG. 7 is a partial view showing a coupling arrange 

ment according to the invention. 
As will be explained hereinafter in more detail, a dis~ 

persive line according to the invention comprises a strati 
?ed medium in which acoustic compression waves are 
propagated. For the sake of brevity and in order to dis 
tinguish them from other known waves, the waves propa 
gating in such a medium will be hereinafter called “D 
waves.” 
FIG. 1 shows a reference frame oxyz and a strati?ed 

medium portion comprising, from the bottom to the top, 
a ?rst ?uid medium 1, which is upwardly bounded by the 
plane zoz, a ?uid layer 2 of constant thickness e, and a 
?at and polished, rigid plate 3. In the liquid or gaseous 
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layers thus de?ned, scalar acoustic pressures are propa 
gated as a function of the three coordinates and the time. 
Their expressions, the monochromatic solutions of the 
propagation equations, are given, using the conventional 
mathematical, notations by the following products of 
functions; in the layer 1: 

The expression of D waves, capable of propagation 
within the strati?ed medium of FIG. 1, are obtained by 
considering the propagation along x, While ignoring the 
variations in the acoustic pressure along z; the above solu 
tions have then the following forms: 
in layer 1: 

P106. 3’. f)=Re[A1e“1Y'e5(”t‘kx)] (1) 
in layer 2: 

P206, 3', I)=Re[(A2ej“2y+A2'e_J°2y)eWHm] (2) 
By expressing the continuity of the pressures and veloci 

ties normal to the two faces of the layer 2, mathematical 
conditions for the existence of D waves can be derived. 
These conditions involve the speci?c masses p1 and p2, 
the propagation velocities C1 and C2 and the factors a1 
and 112 which characterize the two adjacent media. The 
factors (11 and a2 are connected to the wave numbers 
k1=w/C1, k2=w/C2 and k=w/C by the relation: 

The condition of the existence of D Waves is given by 
the relation: 

t'g (012.42) =2”; 5 (3) 
It follows that the D wave characterized by the wave 

number k is propagated along ox, provided its phase 
velocity C is linked with the respective phase velocities of 
the media 1 and 2 by the inequalities 

It may be shown that this inequality can be satis?ed for 
a plurality of types of D waves, since there exists an in 
?nity of possible transverse distributions of pressure am 
plitudes along 031. The D wave presents in fact an ampli 
tude distribution which varies harmonically within the 
layer 2 and which extends into the layer 1 with an expo 
nential decay. The acoustic pressure distribution at the 
abscissa x is propagated in the direction 0x with the phase 
velocity C. 
FIG. 2 shows the depth distribution of acoustic pres 

sures p for the D waves of the order 0 (a), order 1 (b) 
and order 2 (c). It can be seen that the acoustic pres 
sure is at its maximum at the rigid wall 3 and decreases 
exponentially towards the base. If the thickness of 
medium 1 is de?ned by a base which is sui?ciently remote 
from the upper surface, no parasitic re?ection can occur. 
FIG. 3 summarizes graphically the properties of D 

waves transmitted through a strati?ed medium in accord 
ance with the invention. By way of example, the curves 
have been plotted for a layer 2 of sulphur hexa?uoride 
(SP6) and a layer 1 of air. The variable along the abscissa 
is the parameter ef/C2, where e is the thickness of the 
layer 2, f the frequency of the D wave and C2 the 
phase velocity characteristic of the ?uid of the layer 2. 
The curves C/CZ and vg/C2 represent the frequency vari 
ations of the phase and group velocities of the Wave D. 
The curve tR/r shows how the ratio of the group varies 
delay time tR to the delay time 1' of a plane wave passing 
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through the layer 2 with the velocity C2. The drawing 
shows on the left the two sets of curves corresponding to 
the order 0 and on the right to the mode order 1. 

Physically, the D wave can be generated in the strati?ed 
medium by a plane acoustic Wave penetrating into the 
layer 2 at an incidence 0. For this reason, FIG. 3 shows 
in dotted line the angle 0 of incidence of the plane gen 
erating wave and of the zero order D wave. The value of 
this angle of incidence is derived from the relation 

The plane Wave generating the D wave undergoes alter 
nating re?ections on the rigid wall 3 and on the acoustic 
diopter formed by the ?at junction between the two ?uids. 
The D wave is the sum of all waves re?ected and refracted 
in this stratified medium. 

FIG. 5 shows an embodiment of the dispersive line ac 
cording to the invention. It comprises an acoustic wave 
guide of rectangular cross-section shaped as a parallele 
pipedal box 4 and a cover 3 equipped with oblique inlets 
5 and 6. A separating diaphragm 7, which is both unper 
meable and very thin, divides the guide into a ?rst cavity 
1, containing a ?rst ?uid, and a second cavity 2, contain 
ing a second ?uid with a lower phase velocity than that of 
the ?rst ?uid. The diaphragm is an elastic ?lm with a 
Young’s modulus of less than 20 kg./mm.2. By way of 
example, a ?lm of polythene may be used with a thick 
ness of 5-10 microns. The end faces of the wave guide 
are provided on the insides with nonre?ecting layers 8 
and 9. The inlets 5 and -6 are closed by electroacoustic 
transducers 10 and 11 of which only the radiating surface 
is represented by cross—hatching. The front wall has 'been 
removed for the sake of clarity. The height of the vessel 
guide is so selected that the D wave is sufficiently damped 
on reaching the rigid base, and the lateral walls of the 
wave guide are spaced by a distance much greater than 
the thickness of the layer so as to minimize the disturbing 
action of the lateral walls (end effects). 

In operation, an electric signal VE, such as that shown 
in FIG. 4, is applied to the electroacoustic transducer 10. 
This signal creates in the strati?ed medium a D wave prop 
ataging parallel to 0x and emerging from the layer at 
the end of the line, where it is recovered by the transducer 
11 which supplies an electric signal Vs. The suitable angle 
of incidence is obtained by means of the two inlet caps 5 
and -6 which make possible the matching of the phase 
velocities between the transducers and the strati?ed 
medium. 
The compressed signal VS delivered by the dispersive 

line has for envelope the Fourier transform of the en 
velope of the input signal under the condition that the 
carrier of the input signal VE is linearly modulated in fre 
quency in the frequency range where the group delay 
time of the D wave varies linearly as a function of the 
frequency. FIG. 4 relates to the compression of a rec 
tangular pulse with the duration T linearly modulated in 
frequency in a band A)‘ about the centre frequency f0. 
The compressed pulse has at midheight width a duration 
equal to the reciprocal of the modulation range A)‘ and 
its amplitude has been increased with respect to the input 
signal in the proportion x/TAf, which is the square root 
of the dispersion factor. 
The dimensioning of the dispersive line according to the 

invention assumes that curves such as those of FIG. 3 
are available for all the liquid or gaseous ?uids which 
are used in pairs. These diagrams indicate the coef?cient 
Q=Af/f0, which determines the range A)‘ for which the 
group delay time tR varies linearly as a function of the 
frequency. They also permit the determination of the 
maximum dispersion (AtR)1 of the delay times tR as a 
function of the frequency per unit of length of the dis 
persive line. 

Starting from the desired duration of the compressed 
pulse, one calculates the frequency band M of the fre 
quency modulation required. One selects then two suit 
able ?uids and calculates the centre frequency in from 
the relation f0=Af/Q. Since f0 and C2 are known, the 
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4 
thickness e of the layer 2 can be obtained without di?‘i 
culty. 

There remains only to determine the length of the line, 
it being known that this length x0 is such that the maxi 
mum delay AtR along the line must meet the following 
triple equality: 

Thus, knowing T and (MR); the length of the line to 
be provided can be easily calculated. 
By way of nonlimitative example the following table 

summarizes the essential data for four dispersive lines 
using gas and capable of solving in accordance with the 
invention the following problem: to compress a 20 ms. 
pulse into a pulse of 200 ,uS., which represents a disper 

FIG. 6 shows a modi?cation of the dispersion line ac 
cording to the invention; it is formed by a rigid wave guide 
which is shaped as a spiral and consists of a vessel 4 and 
a cover 3. An impermeable diaphragm 7 separates the 
superimposed channels ?lled with the fluids 1 and 2. At the 
ends of the spiral are provided matched acoustic loads 8 
and 9 as in the embodiment shown in FIG. 5 and inclined 
caps 5 and 6. The caps are equipped with electroacoustic 
transducers 10 and 1.1. 

This embodiment of the dispersion line is less bulky 
due to its shape. By way of example, the transducers used 
in the case of gaseous ?uids are electrodynarnic loud 
speakers. The diaphragm separating the gases is a soft 
?lm having a high elasticity and negligible mass. 

In FIG. 7, where the same references designate the same 
elements as in FIG. 5, there is shown a modi?cation of 
the input caps serving to couple the transducers to super 
imposed ?uids. According to the invention, each end of 
the line has two symmetrical branches forming a V-shaped 
arrangement whose channels 5 and 13 are inclined at an 
angle of incidence 0m on either side of the normal N to 
the diaphragm 7. The channel 5 is covered by the trans 
ducer 10 and the channel 13 terminates in an absorbent 
acoustic load 12. This structure differs from that of FIG. 
5 in that the wave re?ected by the diaphragm 7 under the 
incidence 0 is absorbed so that it cannot interfere with 
the operative of the line. 
Of course, the invention is not limited to the embodi 

ment described and shown which were given solely by 
way of example. 
What is claimed is: 
1. A dispersive acoustic line for compressing electrical 

signals, frequency modulated on a carrier wave, compris 
ing: a hollow acoustic waveguide having two ends; ?rst 
and second ?uid media ?lling said guide; said media 
forming a ?rst and a second superimposed layer extend 
ing from one of said ends to the other; said ?rst ?uid 
medium propagating acoustic waves with a higher phase 
velocity than said second ?uid medium; ?rst electro 
acoustic transducer means coupled to said second layer 
at one of said ends for generating in said ?rst and sec 
ond media an acoustic compressional wave in response to 
said electrical signals and second electroacoustic trans 
ducer means coupled to said second layer at said other 
end for receiving said compressional wave. 

2. A dispersive acoustic line as claimed in claim 1, 
further comprising an elastic diaphragm separating said 
media from each other. 

3. A dispersive acoustic line as claimed in claim 1, 
wherein said guide comprises at each of said ends an in 
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let having an axis, said axis forming an angle with the 
normal to said second layer; the since of said angle 
being equal to the ratio of the phase velocity of the 
acoustic waves propagating through said second medium 
to the mean propagation velocity of said compressional 
wave; said inlets being ?lled with said second medium 
and said transducer means being respectively coupled to 
said inlets. 

4. A dispersive acoustic line as claimed in claim 3, 
further comprising an outlet at each of said ends; said 
outlet having an axis symmetrical of said axis with re 
spect to said normal and absorbing means coupled to 
said outlet for absorbing the acoustic wave re?ected on 
said second layer. 

5. A dispersive acoustic line as claimed in claim 1, 
wherein said transducer means respectively comprise dy 
namic loudspeakers respectively exciting and receiving 
said compressional wave near the respective ends of said 
waveguide, and means for absorbing said compressional 
wave being provided at said ends. 

6. A dispersive acoustic line as claimed in claim 1, 
wherein said ?uid media are liquids. 
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6 
7. A dispersive acoustic line as claimed in claim 1, 

wherein said ?uid media are gases. 
8. A dispersive acoustic line as claimed in claim 1, 

wherein said waveguide has a rectangular cross-section. 
9. A dispersive acoustic line as claimed in claim 1, 

wherein said waveguide has a rectilinear longitudinal 
axis. 

10. A dispersive acoustic line as claimed in claim 1, 
wherein said waveguide has a curvilinear longitudinal 
axis. 
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