Nov. 10, 1953 S. J. JOHNSON

ADJUSTABLE DELAY LINE
\ Filed July 8, 1952

2,659,053

a1 20 [T 0 se
o O ' |
46 1 \J A Y48
NG 20 N—s6 72 74 |QIE, 1
T °%7 RN e N
HAR 70" 54 \ 8241 36
34 [ 02t
i \60
TN % | %78?
-
Nez [C1MNye  ~ez
2" F16G. 7
36 82 84 78
S
. 76
72
74 =
40 | 86 S 80
e \ = F/G. 2
/] 4\
S8 V. 62
! T 1 \\
14 20 70 50 60 “—30 ‘32
14 A8
22 ' N
Naq jL \26
6
| \ie
20 F/G. 3

t

INVENTOR.

SVEN J, JOHNSON

WW
TTORNE YS

BY

A



Patented Nov. 10, 1953

2,659,053 |

'UNITED STATES PATENT OFFICE
AbJUS'i*Ali;;sEg,gsE?EAf“niNiﬁ"

Sveéi J. Johiisvn; Higzanuni;

Conn;; assighor to-

Andersen Laboratories, Iné; West Hai'tford,

Conn,; a corperation 6f Gonnecticut
Applicationi July 8, 1952, Serial No. 207,786
(Cl. 333==30)

12- Clairiis:

The présefit’ inverition relates 66 delay lines 6t

the"type comprisifig & Hsmithng ahd o receive
ifig erystal for eonnéction ifi an elevtiieal cireuit
dig having disposed theFebétween - ai: aeousm.;-
cally suitablé material cofiduetive 6t ultTasonies.
The ifvention is particulafly éonéerred with' &
constriction and arrangément of the élenients of
a délay line of the ¢haractéf refeired to which
permits variation aid adjustment of-the lerigth
of the time delay oF trafsmission time between
the transmiitting and the ¥ eeivihg erystal.

As is well khowi t6- tHose skilled-in: the art of
manufactiring and utilizing tire. delays: of the
type referred to Héve, stich. tifne deldys are of
critical and sensitive ¢onstriction and the utmost
6aré must.be taken to avoid don=uniformity, re-
flections and attenuation not ounly in the varigius
élemients: thémselves: but -particularly 4% thé in-
terfaces therebétween; Farthermore, the precise
dimensions of the various elements are extremely
critical andg uniformity: of chdracteristics. is ex=
tremely difficult to atbain:

The principal objeét of. the bresént invention
is' o devise g ¢onistruetion for time delays which
will- permiit adjustment thereof. -after assembly
dnd which despite: its unique adjustment feature
will not be adversely affected from the standpoint
of uniformity ang attenuation:

A further objeet of the invention is to provide
an adjustable time delay having desirgble: per=
formance characteristics without- using compli=
cated and expensive ‘nechanisnis and- designs:

4Another object is'to provide an adjustable time
delay in which the adjustment operation is- sim-=
ple and easy to perform: with- & minimum: of in-
struction and.experience.

Another- object- of- the invention: is to provide
an adjustable time delay which will operate satis-
factorily over long: periods: of -time without mal:
which will be comparatively

functioning and i
rugged-in construction and foolproot in opera-

ti6n.

Other objects will be in Bait obvisiis and in
bart pointed out more in detail Beféiriaftes,

The mvention accordingly consists in' the fés.
tures of construction, combinatish of elerents
and arrahgement of bafts which will be ékem.
Plifféd ifi the construction heresfter §ét" forth
and the'scope of the application of WhieH will pg
indicated in the appendsd cigimis:

In theé drawing ;- ,

 Fig. 118 a plan view of 4 mechafiisim inéluding
the adjustable delsy lifis of the préserit invention;
Fig. 2 is a 6r6ss-sectional view taken along the
1iné 2--2'of Fig. 1; gnd.

Fig 35 an enlarged diagrammatic view of the
opeériting elements. of the adjustable-delay line
per se. Lo .

_ Referring to the drawing, the basic invention of
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 thie preserit application is best illustiutea: ins Fig.

3. AS viewed ifi-tRiS fguss; & quaitz crystal’
vwhich may be éichér the transhiitiing or receiving.
ciystal is diSposed at-one end of an angularly
relatéd face 12 of a'baf (4 cofiposed of acousticels

1y Suitable MateFial foi- conducting ultrasonie

sound- §ic¢h a8 quairty; alloys such g Ihvar, mag=
NEsiuin, Certaln g145588, eto: A second crystal i5
i§ applied: to' the diametrically opposite angu:
latly rélated face (8 of a bar 20 foiinéd of the
SANIE type of Material as the bar (4 and disposed
in ‘Glose parallel relationship therewith, The bar
t4 has & figt strface oi face 22 gdjoining the fiat
surface or iace 24 of the bar 20. DiSposed be=
tweel thie - faces o surfaces 22 and 24 is a tHin
layer or fitin 26 of an unctious material; such ais
pettolatum or simmilar Haferial: which -is* viseous
and: flewable’: )

In-&ceoraante with tHe invention; T have diss
covered that if “the" crystals (0 and {6 are dig-
posed substantially parallel to each otizer ahd are
imclined. inwardly at d-snrall angle vertical to the
faoes 22 and 24; and the bars 14 and-28 apé pressad
together with! a-filmi ‘of uhctucus figterial theres
between; the- ultrasonic Wwaves produedd by one
oi these crystals-and. transimitted inte’ ifs gssos
ciated bar of acoustic material- wilt successftlly
pass through the: adjoining faces of the hars {4
and- 26 and -wilk -continue on thirough the other
bar to the - ‘other erystal without: unaesirable gis:
toertion; reflection and attenudtion. I-have also
found that this conhdition will-exist éven thougti
oBe bar is-moved- longitudinally with respect: to
the other within reasonable limits.:

As& result of the ability. of the deviee to trams=
mit ultrasenic waves in- an angular directisn hax
tween separate-side by side-bafs-of acoustic mas=
terial ‘witheus undesirable” atteniation and- dis=
tortier},-it is bossible to vary the effective distante
between the erystals 18-and 16-and thus to vary
or adjusf; the time peried- for transmission of tha
ultrasonics from one crystal to the other,
_Reterring o Figs: 1.ang 25 there is shown one
empodiment of g mechanism - for adjustably
mounting the alrangement shown in Fig. 3 of the
Irawing. _The embodiment shown in Figs. 1 and

to caity out-the-invention I a-practical man:
ner. However, 1t will be readily apparent to-one
skilled in’ thé art that the mechanical arrange-

ment for Mounting and adjusting the parts-of the

Withiii the s¢opeé of the invention.

_Referring-to Figs. i and-2, the device is housed
for convenience in g rectangular casing' consisfe
ing. of a-bottom. plate-80; front-plate 32, and side
plates 34 and 36. Fixed to'the base blate 384t the
rear thereof is-a support 88 in thie forny of & métal
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bar of rectangular cross section. The bar {4 of
acoustic material, such as quartz, Invar, mag-
nesium or the like, as previously mentioned, is
clamped to the supporting bar 38 by means of a
clamp 40 fixed to the bar by screws 42. The crys-
tal 10 secured to the inclined end face 12 of bar
i4 is connected by means of lead line 44 to the
terminal 46 by means of which the same may be
connected to an electrical circuit (not shown).
The opposite end of the acoustic bar 14 is pref-
erably curved as shown at 48 and this curved end
48 is preferably coated with sound absorking ma-
terial, such as collodion, etc., all of which aid in
minimizing reflections.

The acoustic bar 20 and crystal 16 secured
thereto are mounted ona movable supporting bar
50 and for convenience may be attached thereto
by disposing the same between a pin 52 and a
plate insulator 54. The bar 20 is similarly arcu-
ate at the end 56 opposite from the crystal 16 and
this curved end also is coated with sound ab-
sorbing material. The movable support bar 58
vests on the base plate 30 and is slidable along &
guide rod 60. The guide rod 60 is urged rear-
wardly by a plurality of springs 62 whereby it
in turn urges the adjustable bar §0 and hence the
acoustic bar 20 toward the acoustic bar 14 with
substantial force.

In order to adjust the longitudinal position of
the movable bar 50 the same is provided on its
upper face with a rack 710 which meshes with a
pinion 12 on the end of a shaft 74 which is jour-
naled in the opening 16 In the front plate 32.
The pinion 12 is urged into engagement with the
rack 10 by means of a leaf spring 18 bearing
upon the upper surface of the shaft 74. This
spring 18 also tends to prevent inadvertent
movement of the shaft 14. The outer end of the
shaft 74 is provided with a knob 8¢ by means
of which the shaft 14 may be manually rofated to
adjust the position of the acoustic bar 20.

The crystal 16 is connected by lead line 82 to
a terminal 84. In order to avoid any strain on
the connection with the crystal 16, the lead line 82
may be supported inan insulator 86 supported on
the end of the movable support bar 50.

As previously mentioned the crystals 10 and
{6 are mounted substantially parallel to each
other and at an angle vertical to the faces 22 and
24. The particular angle is not critical and will,
of course, depend upon the dimensions of the
acoustic bars 14 and 20 and also on the amount
of variation of adjustment required. For practi-
¢cal purposes, I have found that the disposing of
the crystals at an angle of from 2 to 15 degrees,
for example, will usually provide all of the ad-
justment required or desired in most cases and
will function satisfactorily.

While the acoustic bars 14 and 28 are illus-
trated as being square in cross section, this has
been done merely as o mabter of convenience.
The cross section of bars 14 and 20 is not critical,
it being necessary only fhat they be provided with
preferably fiat complementary parallel mating
surfaces 22 and 24.

The means by which the mating surfaces 22
and 28 are made to cooperate with each other is
pelieved to be a critical feature of the invention.
It is possible to provide mating surfaces 22 and
24 such as by lapping techniques which will con-
duct ultrasonic vibrations through the separa-
tion, but this is not practical from the standpoint
of producing uniform delay lines in large quanti-
ties at reasonable cost and, in any event, the
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transmission is not at an optimum. However, by
applying a viscous and flowable unctuous material
to the mating surfaces 22 and 24, a marked im-
provement is noted in the manner in which the
vibrations will be sustained and the bars {4 and
20 may be longitudinally adjusted relative to each
other without difficulty. It isnot desired to limit
the invention to the selection of any particular
uhctuous material since a wide variety of such
materials have been tested successfully. In gen-
eral, preferred results are obtained when the
unectuous material is somewhat sticky so that it
will adhere to the faces 22 and 24 and it is pre-
ferred to use a material which is stable and
which will not evaporate or otherwise deteriorate
or change over long periods of use. As men~
tioned, the material must be viscous since in gen-
eral liquids do not have sufficient body to sustain
shear ultrascnic vibrations. Similarly, the ma-
terial must be flowable so as to permit sliding
of the faces 22 and 24 relative to each other and
also, it is believed, so that it will tend to fill any
irregularities between the surfaces. In general,
any of the unctuous materials available com-
mereially, such as mineral oil derivatives and
synthetic resins, will sustain wave sound and the
chemical composition does not appear to be criti-
cal. I have successfully employed such material
as petrolatum, resins, and particularly the unc-
tuous material sold under the trade name Vistac
No. 1.

While the present invention is not necessarily
limited to any particular type of receiving and
transmitting crystals, nonetheless, it is principally
directed as a practical matter to delay lines em-
ploying crystals of the shear type commonly re-
ferred o as Y-, AT-, or AC-cutb crystals. When
shear type crystals are employed, the crystals are
arranged so that the particle meotion of the ultra-
sonic waves generabed is parallel to the faces 22
and 24.

With the arrangement as shown in the drawing,
the distance between the crystals 10 and {6 may
be varied over wide limits without adversely af-
fecting the acoustical and electrical character-
istics of the device and there is thus provided
an adjustable time delay suitable for practical
use in the art. -

As many changes could be made in the above
construction and many apparently widely dif-
ferent embodiments of this invention could be
made without departing from the scope thereof,
it is intended that all matier contained in the
above descriptive or shown in the accompanying
drawings shall be interpreted as illustrative and
not in a limiting sense.

Tt is also to be understood that the language
used in the following claims is intended to cover
all of the generic and gpecific features of the in-
vention herein described and all statements of
the scope of the invention which, as a matter of
language, might be said to fall therebetween.

1 claim as my invention:

1. An adjustable ultrasonic delay line com-
prising a pair of side by side bars formed of
material acoustically suitable for conducting
sound in the ultrasonic range, said bars being
formed with complementary parallel mating sur-
faces, an unctuous material between the mating
surfaces, a transmitting crystal affixed to one
end of one bar, and a receiving crystal affixed to
the opposite end of the other bar, said crystals
peing substantially parallel and inelined at a
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small angle toward the mating surfaces of the
bars.

2. An adjustable ultrasonic delay line com-
prising a pair of bars formed of material acousti-
cally suitable for conducting sound in the ultra-
sonic range, said bars being mounted for relative
longitudinal movement and having flat adjoining
surfaces, a film of unctuous material between the
adjoining surfaces, means for pressing the bars
together, a transmitting crystal affixed to one
end of one bar, and a receiving crystal affixed
to the opposite end of the other bhar, crystals
being substantially parallel and tilted inwardly
at a small angle toward the said adjoining sur-
faces of the bars.

3. An adjustable ultrasonic delay line com-
prising a pair of bars formed of material acousti~
cally suitable for conducting sound in the ultra-
sonic range, means mounting the bars in parallel
side by side relationship and permitting relative
longitudinal movement of the bars, the bars be-
ing formed with flat longitudinally extending
adjoining surfaces, means biasing said surfaces
together, an unctuous material on said surfaces,
a first crystal affixed to one end of one bar, and
a second crystal affixed to the diametrically op-
posite end of the other bar, said diametrically
opposite ends having substantially flat parallel
surfaces inclined inwardly toward the said ad-
joining surfaces at an angle of from 2° to 15°.

4. An adjustable ultrasonic delay line com-
prising a pair of bars of uniform rectangular
cross-section throughout, means for mounting
the bars in side by side relationship and movable
longitudinally relative to each other, means for
pressing the bars laterally togefher, an unctuous
material between adjacent surfaces of the bars,
a first transducer crystal affixed to one end of
one bar, and a second transducer crystal affixed
to the diametrically opposite end of the other
bar, said diametrically opposite end surfaces be-
ing substantially flat parallel surfaces inclined
inwardly at a small angle toward the other bar.

5. An adjustable ultrasonic delay line com-
prising a pair of generally rectangularly shaped
bars formed of material acoustically suitable for
conducting sound in the ultrasonic range, means
for mounting said bars for relative longitudinal
movement in parallel side by side relationship
with adjacent surfaces engaging, a viscous flow-
able material between said adjacent surfaces,
each of said bars being formed with an angu-
larly related end surface at one end, said bars
being mounted with said angularly related end
surfaces diametrically opposite from each other
and inclined toward said adjacent surfaces of
the bars, and a pair of crystals on said angu-
larly related end surfaces.

6. An adjustable ultrasonic delay line as
claimed in claim 5 in which the crystals are of
the shear type and are arranged so that the
particle motion of the ultrasonic waves generated
are parallel to said adjacent surfaces of the bars.

7. An adjustable ultrasonic delay line compris-
ing a pair of generally rectangularly shaped bars
formed of material acoustically suitable for con-
ducting sound in the ultrasonic range, means for
mounting said bars for relative longitudinal slid-
ing movement in parallel side by side relation-
ship with adjacent surfaces engaging, a viscous
flowable material between said adjacent surfaces,
each of said bars having a rounded external cor-
ner at one end and an angularly related end
surface at the other end, said bhars being ar-
ranged with the ends of one bar diametrically
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opposite from the similar ends of the other, and
a transmitting and receiving crystal secured on
the diametrically opposite angularly related end
surfaces of the bars.

8. An adjustable ultrasonic delay line as
claimed in claim 7 wherein the rounded external
corners of the bars are coated with sound ab-
sorbing material.

9. An adjustable ultrasonic delay line com-
prising a pair of generally rectangularly shaped
bars formed of material acoustically suitable for
conducting sound in the ultrasonic range, said
bars being arranged in parallel side by side re-
lationship: with adjacent surfaces engaging,
means for pressing said bars together and for
adjusting the bars longitudinally of each other,
a viscous flowable material between said adja-
cent surfaces, said bars being formed at diametri-
cally opposite ends with parallel flat end surfaces
inclined at a small angle toward said adjacent
surfaces, and a transducer crystal secured to
each of said end surfaces.

10. An adjustable ultrasonic delay line com-
prising a pair of supporting members mounted
for movement in a parallel direction relative to
each other, a pair of bars supported on said mem-
bers in side by side relationship, said bars hav-

.ing flat parallel engaging surfaces and being

formed of material acoustically suitable for con-
ducting sound in the ultrasonic range, a viscous
flowable material between said engaging surfaces
of the bars, means biasing the supporting mem-
bers together in o lateral direction whereby said
engaging surfaces of the bars are put under
pressure, said bars being formed with diametri-
cally opposite flat parallel end surfaces inclined
at 2 small angle toward said engaging surfaces,
a crystal on each of said end surfaces, and means

_for adjusting said supporting members longi-

tudinally of each other.

11. An adjustable ultrasonic delay line as
claimed in claim 10 in which the means for ad-
justing said supporting members longitudinally
of each other comprises a control knob and gear
means interconnecting the knob and one sup-
porting member including a rack fixed to said
one supporting member.

12. An adjustable ultrasonic delay line com-
prising a casing, a pair of supporting members
mounted in the casing for longitudinal sliding
movement in a parallel direction relative to each
other, spring means biasing the supporting mem-
bers laterally toward each other, a pair of gen-
erally rectangular bars of material acoustically
suitable for conducting sound in the ultrasonic
range disposed between the supporting members
in side by side relationship with their adjacent
surfaces engaging, each bar being fixed to the
adjacent supporting member, an unctuous ma-
terial between said adjacent surfaces of the bars,
means for moving one of said supporting mem-
bers longitudinally of the other, a first quartz
crystal affixed to one end surface of one of said
bars, and a second quartz crystal affixed to the
diametrically opposite end surface of the other
of said bars, said end surfaces being substan-
tially flat and parallel and inclined at an angle
of from 2° to 15° toward the engaging surfaces
of the bars.

SVEN J. JOHNSON.
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