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This invention relates to electrical equipment,
and more particularly to apparatus adapted to
delay an electrical signal or impulse for a prede-
termined time interval. Such apparatus is often
called a delay line. |
The present invention is adapted o be used
with a supersonic type delay line wherein an
glecirical signal is converted into mechanical
vibrations which are transmitted through a

- Hov's medium. The transmitted vibrations are

recelved and reconverted back into an electrical
signal which thus has been delayed in time by an
amouns substantially equal to the time required
for the vibrations to pass through the liquid
mediyum, |

Omne system of this character is disclosed in the
pending U. S. patent application of the present
Inventors, Serial No, §08,310, filed August 1, 1945,
now Pateny Number 2,423,306 on a “Transmis-
‘The electrical signal, which may be
o voltage pulse, is applied to a piezo-electric
crystal, whicn sels up mechanical vibrations in
2 iiguid column. The opposite end of the column
bears against another crystal, in which the me-
chanical vibrations set up electrical potentials
winicn exactly reproduce those applied to the
first crysial. A relatively long time differential
will exist between the original and the repro-
duced potentials because the veloeity of trans-
mission of the mechanical vibrations through the
liquid column is quite slow. By properly pro-
portioning the delay cireuit, successive sisnals
may oe seen simuitanecusiy and compared as to
size and shape ¢n the usual C-R tube sereen.

'The crystals employed for the line are cut to
vibrate in the region of 10 to 30 megacyeles, since
the signal tc.be delayed is commonly a modulated
carrier having a frequency within this range.
The crystals are very thin, and are subject to
breakage when the apparatus is roughly handled
or when any unusual pressure is exerted on them,
as by movement or centrifugal pressure of the
Howid used in the line.

The present invention provides a so-called
nacking member (solid end cell) for the erystal
vwhich will attenuate certain unwanted mechani-
cal vibrations which otherwise might be harm-
ful to the crystal. The backing member or end
cell 1s so shaped that mechanical vibrations re-
ceived therein from the crystal and from ex-
traneous sources continue to travel through many
internal reflections, until substantially dissi-
pated.

‘The obiects of this invention include:

- Providing a form of delay line less susceptible
to breakage:

5 Claims. (CL 310—8.2)
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Providing an end cell adapted fto withstand
rough treatment; -

Providing means for utilizing very thin piezo
electric erystals without danger of fracture: and

Providing time delay means having improved
performance characteristics.

The invention may be better understood by
reference to the drawing, in which:

Fig. 1 is a partial view of a superscnic delay
line incorporating the improved end cell:

Fig, 2 is a view of the solid end cell of the in-
vention. |

Referring now to Fig. 1 of the drawing, there
1s illustrated a portion of a hollow glass tube |
which is rigidly mounted in a block & of insulat-
ing material, such as “Bakelite.” Within block
4 adjacent the end of tube | is an enlarged
chamber § which communicates with a passage
6 through which the liquid medium, such as
mercury, may be inserted into the tube. Pasg-
sage 6 may be tapped at 7 to receive g threaded
metal tube 9 which is closed by a cap (0. Tubke
9 constitutes a terminal which connects eleciri-

- cally through the mercury flling of passase §
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and chamber 5§ to the exposed face 1§ of a piezo-
electric crystal 2. Crystal (2 is mounted, as
shown, in block # adjacent chamber 5 Abut-
ting obverse face {4 of crystal {2 is a backing
membuper 15 of lead or other equivalent material
having a high degree of attenuation for mechani-
cal vibrations. Backing member {5 and erysial
12 are intimately associated in any suitable man-
ner such as by soider, and are disposed in a hore
I8 in the block §. Member 15 is held in position
by means such as 2 serew {7, which serves also 5
provide an elecirical connection to ithe gide i€
of the crystal {2.

Backing member {5 is so shaped that erys-
tal-generated mechanical vibrations impinging
thereon travel through multiple reflection paths
as 1llustrated in Fig. 2 at 25 and 28 until they
have become substantially attenuated. For this
purpose, the end {3 of member {5 opposite erys-
tal {2 is cut to the shape of an irregular curve,
not critical in its shape, but so formed that the
mechanical energy will be reflected back and
forth within the member a number of times and
thus atienuated to a large degree before finally
being reflected to the crystal. With a curve of
irregular shape, the energy which finally arrives
at the crystal consists of components having gen-
erally out of phase relationships with each other.
Thus the stress imposed on the erystal therefrom
Is negligibly small. A portion of the energy is
entirely attenuated within the member and thus
never reaches the erystal.
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It will be understood that other arrangements,
such as a plurality of facets or compound curves
may be used to produce satisfactory results,

The result of such design is that the mechani-
cal force against the crystal is small, and in con-
sequence the induced piezo-electric potentia] is
small. This effect will occur regardless of the
degree of attenuation achieved in the block ma-
terial. It will, of course, be most eflective when
the material used has a high attenuation effect
on supersonic waves, and when it is & good acous-
tic match for the crystal (usually made of
quartz). Lead and tin are examples of metals
possessing these qualities to & high degree. It
will be understood also that a portion of energy
reflected back toward the crystal will strike at
less than that critical angle of incidence, and so
will not penetrate it, but will again be reflected
back into the backing

What Is claimed is:

1. A component for a supersonic delay line,

consisting of a solid backing member formed of

material having a high degree of attenuation for
mechanical vibrations, said member having a
planar face on one end, the opposite end being
curved to produce multiple internal reflections of
vibratory waves impinging on said planar face,
8 piezo-electric crystal adapted to vibrate within
the supersonic frequency range, conductive
means for securing said crystal intimately to said
planar face, and means for making electrical con-
nections to said crystal.
- 2. A supersonic delay line component compris-
ing a plezo-electric crystal adapted to vibrate
substantially in the range between 10 me. and 30
me., 8 solid backing member formed of material
having a high degree of attenuation for mechani-
cal vibrations and one end thereof having the
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~shape of an irregular curve so as iop produce

multiple interna] reflections -of vibrating waves
introduced therein through said crystal, whereby
substantial portions of said waves reflected back
toward sald crystal will impinge thereon out of
phase with each other, the other end of said
member being planar, and means for securing
said crystal to the planar end of said backing.

3. In g supersonic type delay line, a piezo-elec-
tric crystal adapted to vibrate in the range be-

tween 10 me. and 30 me., a backing member of
material having a high attenuation for mechani-
cal vibratio.:s and one end thereof having the
shape of & compound curve so as to cause multiple .
internal refiection of such vibrations, the other
end of sald member being planar, and means for
securing said crystal intimately to the planar end
of sald backing member.

4. The delay line of claim 3 wherein the ma-
ferial of said backing member is composed of
lead.

5. The delay line of claim 3 wherein the ma-
terlal of said backing member is composed of tin.
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