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2,994,829
DELAY SYSTEM
Andrew L. Hopper, Summit, N.J., assignor to Bell Tele-
phone Laboratories, Incorporated, New York, N.Y,, a
corporation of New Yerk
Filed Nov. 1, 1950, Ser. No. 193,399
4 Claims. (Cl. 328—177)

This invention relates to delay systems and, more par-
ticularly, to systems of the type utilizing an electro-

mechanical delay line having an acoustic transmitting

medium as the delay element.

Electrochemical delay lines have been used hitherto
for obtaining delays in electrical systems. Such lines
comprise essentially two piezoelectric crystal transducers
associated with a solid acoustic transmitiing medium such
as fused silica or glass. The electrical signais to be
delayed are impressed upon the input crystal for conver-
sion into mechanical vibrations in the nature of acoustic
waves. These are, in turn, imparted tc the solid trans-
mitting medium. The required delay occurs during the
traverse therethrough to the output crystal which recon-
verts the vibratory waves into electrical signals. Such
devices represent a practical means for obtaining broad-
band delays up to hundreds of microseconds.

Delay lines of this kind have wide applicability in elec-
tronic systems, for example, in television and “memory”
systems. In particular, such delay lines can be used to
aid in the study of the correlation of informationt in tele-
vision transmission. In such study, it is important to
compare continuously signal elements with preceding
signal elements, and delay lines are useful for this ap-
plication. However, for such and similar applications,
it is necessary to provide amplification to compensate for
the very considerable attenuation experienced by the elec-
trical signals during the delay process. Moreover, such
delay lines are ordinarily characterized by a non-uniform
frequency response which can limit their applicability to
broad-band systems.

It is important, therefore, for realization of the maxi-
mum potentialities of such delay lines, to provide asso-
ciated circuitry suitable for amplification and equaliza-
tion of the delayed output. However, hitherto, such cir-
cuitry has been characterized by a high noise level and has
not provided the necessary ampiification and equaliza-
tion desired.

Accordingly, it is an object of this invention to im-
prove such circuitry for providing a broad-band delay
system.

Related objects are to compensate for the attenuation
and to equalize the frequency response introduced by the
delay line in delay systems of this kind.

In particular, a specific object of this invention is to
provide a delay system of this kind for obtaining for
video signals a delay of one television line (approxi-
mately 63.5 microseconds).

These and reiated objects are achieved in accordance
with the invention by providing a delay system in which
the input signal to be delayed is modulated by a signal
of carrier frequency to derive a modulated signal which
is supplied to an electromechanical delay line, the derived
signal being applied to this delay line at one end by means
of a crystal transducer and recovered at the cther end by
means of a similar crystal transducer after a delay of the
interval consumed in traversing the delay line. The

- delayed signal is then applied to an equalizing amplifier,
the output signal being derived by detection of the
equalized output of the amplifier. In a specific exem-
plary embodiment, the input signal comprises a televi-
sion signal and the delay line provides a delay interval
equal to the time of one television line (approzimately
63.5 microseconds).
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The invention will be better understood by reference to
the following more detailed description taken in conjunc-
tion with the accompanying drawings forming a part
thereof, in which:

FIG. 1 shows in block schematic form an exemplary
delay system in accordance with the invention for use
with video input signals;

FIGS. 2 and 3 show, diagrammatically, circuits for use
in the system of FIG. 1; and

FIG. 4 shows some characteristic curves useful in ex-
plaining the invention.

With reference more particularly to the drawings,
FIG. 1 shows as an exemplary embodiment of the inven-
tion a delay system 10 adapted for video signals. The
input video signals are supplied first to a video amplifier
100, which can be of conventional design, for amplifying
the input signals to the desired level. Thereafter, the
video output is supplied to a modulator 260 which is fur-
ther supplied with a signal of carrier frequency from the
oscillator 250. The carrier frequency is selected to in-
sure operation of the electrochemical delay element in a
suitable range of frequencies. It will be convenient to
describe the invention hereinafter with reference to an
embodiment designed for delaying video signals one line
time (approximately 63.5 microseconds), although it is
to be understood that it is not intended thereby to limit
the scope of the invention thereto. For this case, a car-
rier frequency of 54 megacycles has been found satis-
factory, and amplitude modulation transmission has been
chosen for simplicity in preference to frequency modula-
tion which is also feasible. The base-band video signal
is used to modulate the 54-megacycle carrier, and the
carrier and sidebands are recovered for transmission
through the delay element. However, before being sup-
plied to the delay element, it is preferable to introduce
some power amplification of this modulated carrier. A
broad-band power amplifier 30€ (shown in greater detail
in FIG. 2) is utilized to produce the desired amplifica-
tion. The amplified output is applied to the input elec-
trochemical transducer 460 for conversion into mechan-
ical vibrations which are imparted to the input end of the
solid transmitting medium which forms the delay element
500. The delay element 500 used in this particular ap-
plication is a U-shaped fused silica bar utilizing shear or
transverse wave transmission. The electrical signal ap-
plied to the crystal 480 causes it to vibrate mechanically,
setting up transverse waves which travel along the solid
transmitting medium: until they strike the crystal 662
which is thereby set into mechanical vibration and the
stresses thus caused in the crystal produce the delayed
electrical signal. For a more complete discussion of such
delay elements, reference is made to the copending ap-
plication of H. J. McSkimin, Serial No. 125,049, filed
November 2, 1949, now United States Patent No.
2,727,214, issued December 13, 1955.

At the output end of the delay element 560, the me-
chanical vibrations which have traversed it are impressed
on the output transducer 609 for the reciprocal conver-
sion to an attenuated facsimile of the electrical impulses
applied to the input. Quartz crystals with a fundamental
resonance frequency of 18 megacycles per second are
found suitable for use as the input and output transducers.
The choice of a carrier frequency which is a harmonic
of that of the characteristic frequency of the crystals
permits simplifications in filtering. The recovered signal,
which has been delayed by the time required for traverse
of the delay element, is applied to a preamplifier 700.
In the delay process there results both considerable at-
tenuation from dissipation losses and distortion from the
non-uniform frequency response of the delay assembly.
Amplification and equalization are therefore necessary in
the subsequent stages to secure the high quality per-
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formance desired. A preferred form of the preamplifier
700 is shown diagrammatically in FIG. 2. Thereafter,
the output therefrom is further amplified by the main
amplifier 880 (shown in greater detail in FIG. 3), which
includes a “soaker” circuit to broaden and flatten the
transmission response, consisting of a low Q (ratio of
reactance to resistance) shunt resonant circuit in parallel
with a higher Q series resonant circuit. The series reso-
nant circuit absorbs energy in the center of the pass band,
and for that reason this arrangement is designated, for
purposes of reference, a “soaker” circuit. The output of
the main amplifier is supplied to the detector 909 (shown
in FIG. 3) for demodulation and recovery of the original
video signals.

FIG. 2 illustrates diagrammatically a portion of the
delay system shown schematically in FIG. 1. The modu-
lated carrier output provided by the modulator 200
(shown in FIG. 1) is supplied to the power amplifier 309
by means of the line Li. This output is applied to the
grid of the power amplifier stage V301 by way of the
double-tuned coupling arrangement comprising the capaci-
tance 301, the inductances 302, 303 and 304, the re-
sistance 395 and the stray capacitances (not shown).
This coupling arrangement is used to improve the im-
pedance match between the line L1 and the input circuit
of the stage V361. In general, in this embodiment which
is operating in the frequency region of 54 megacycles,
the band-pass interstage coupling networks can be tuned
by the stray or parasitic capacitances associated with the
input and output circuits.

The tube V301 is operated as an amplifier, deriving its
plate and screen voltages from the voltage supply 31¢.
The plate load comprises the double-funed arrangement
including the inductances 366 and 397, the stray capaci-
tances, and the resistance 309. To provide maximum
voltage across resistance 309, this arrangement is mis-
matched by loading at the output end only with the re-
sistance 309. The amplifier output is applied through
the coupling capacitance 348 to the input transducer 400
for transmission through a fused silica delay element 560
and is recovered by the output transducer 680 after the
delay. The delay element is designed to provide a delay
interval of ome television line time (approximately 63.5
microseconds). The transducers comprise piezoelectric
quartz crystals which are solder bonded to the fused
silica bar. The crystals are energized electrically by elec-
trodes held thereagainst by light spring pressure.

As a circuit element, the fused silica delay line with
its quartz crystal transducers can be likened to a pentode
having high input and output resistances, together with
input and output capacitances of the order of 30 micro-
microfarads. To attain the desired band width at a carrier
frequency of 54 megacycles, it is necessary to provide
resistive loading at each end in addition to that provided
by the plate resistance of the driving amplifier tube V301
and the input resistance of the following preamplifier
stage V701, respectively. It is found that double-tuned
circuits with single side loading with the added loading
concentrated at the delay line terminals provide a. high
gain band width product. The arrangement of the in-
ductances 386 and 307, the stray capacitances, and the
loading resistance 389, and the arrangement of resistance
701, the stray capacitances, and inductances 702, 703 and
764, provide the necessary loading therefor at the input
and output terminals, respectively.

The tubes V761 and V702 of the preamplifier 760 op-
erate as a “cascode” amplifier of the kind described in a
publication entitled “Low Noise Amplifier” by Wallman,
MacNee, and Gadsden, published in the Proceedings of
the Institute of Radio Engineers, June 1948. Such a
designation is applied to a two-stage amplifier whereof
the first stage uses a grounded cathode and the second
stage a grounded control grid. The first tube V701 has
its cathode grounded through the self-biasing arrange-
ment of resistance 786 and capitance 707 and the plate

10

15

25

30

35

40

45

50

55

60

85

75

4

voltage therefore is derived from the voltage supply 710
through the inductance coil 709. Neutralization of the
grid-plate capacitance is achieved by means of the in-
ductance 705 which is adjusted to resonate with the grid-
plate capacitance of tube V701 at the center frequency
of the pass band. The output of the first stage V701 is
coupled to the cathode of the grounded grid stage V702
through the coupling capacitance 708 and the self-bias-
ing cathode arrangement made up of resistance 712 and
capacitance 711. The plate voltage for this stage is also
supplied from the voltage supply 710. The plate load
comprises the arrangement of resistance 716, the induct-
ances 717, 718 and 719, the stray capacitances, and ca-
pacitance 729, which simulates a double-tuned trans-
former coupling the plate circuit of tube V702 to the
impedance of the line 12 leading to the main amplifier
800 (FIG. 1) of the system. A cascode preamplifier of
this kind is very stable, easy to neutralize, and has an
excellent noise figure, probably resulting from the high
input impedance which makes possible a great impedance
mismatch at the input.

The output of the preamplifier 708 is supplied to the
main carrier amplifier 808, shown diagrammatically in
FIG. 3. The signal output supplied by the line L2 is
applied to the cathode of the grounded grid tube V801
through the coupling arrangement comprising the re-
sistance 861, the stray capacitance, and the capacitance
802, which serves to match the imput resistance of the
tube V801 to the line L2. The cathode inductance $03
neutralizes the input capacitance of tube V801, and the
resistance 804 and capacitance 805 provide self-bias to
the cathode. The tube V861 as well as the tubes V8§02,
V8§3, V884 and V893 are each operated as conventional
band-pass amplifiers. The output of the first stage V801
is coupled to the grid of the second stage V802 by an
arrangement comprising the inductances 806, 807, and
811, the resistance 808 and 888A, the stray capacitances,
and the capacitance 829, which simulates a double-tuned
transformer. The plate voltage is supplied from the
voltage supply 818. The second stage V802 is operated
as a conventioal pentode amplifier having a cathode
self-biasing arrangement made up of the resistance 816
and capacitance 817, and deriving its plate and screen
voltages from the voltage supply 810. The output of
tube V892 is coupled to the grid of tube V883 by an
arrangement comprising the inductances 812, 812A, and
815, the resistances 813 and 813A, the stray capacitances
and the capacitance 814, which simulates a double-tuned
transformer. The third stage V803 is also operated as
a conventional pentode amplifier having a cathode bias
circuit made up of resistance 819 and capacitance 821
and deriving its plate and screen voltages from the volt-
age supply 810. The cutput from the tube V803 is cou-
pled to the grid of the amplifier tube V804 through the
coupling condenser 823 and a “soaker” circuit compris-
ing a series resonant circuit made up of resistance 824,
capacitance 825, and inductance 826 connected across
a shunt resonant circuit consisting of inductance 822, re-
sistance 8§27, and the stray capacitances of the plate out-
put and grid input circuits. This soaker circuit compen-
sates for the single peaked band-pass characteristic of
the delay element 500. It consists essentially of a low
Q shunt resonant circuit in parallel with a higher Q
series resonant circuit. Both circuits are tuned sepa-
rately to resonate at the middle of the pass band. The
Q of the shunt resonant circuit is preferably made as low
as possible consistent with the desired gain. The soaker
Q is then made to correspond to the effective Q of the
delay element 580. The values of the resistances 824
and 827 are selected to provide the desired Qs in the’
series and shunt resonant circuits, respectively. In other
respects, tube V804 operates as a conventional ampli-
fying stage.

The plate of the tube V884 is coupled to the grid of the
tube V805 which forms the succeeding amplifying stage
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through the coupling capacitance 831 and a triple-tuned
network comprising the industances 828, 829, 832, and
833, resistances 830 and 834, the stray capacitances, and
the capacitance 835. This network is designed as fol-
lows: Two double-tuned step-down transformers are de-
signed to work in tandem as double-tuned matched trans-
formers. The first steps the plate load impedance down
to an intermediate impedance level. The second steps
the level down further to the grid load impedance. When
these two transformers are connected in tandem, each
provides the correct impedance for the other, therefore
requiring no dissipative element at the junction point.
To minimize the number of circuit elements, the follow-
ing procedure is used: The first transformer is de-
signed to yield an equivalent T network in which one
branch reduces to zero impedance with a coupling co-
efficient of 0.5. The second transformer is then designed
as an equivalent IT network with a somewhat lower cou-
ling coefficient of about 0.4. By combining shunt induc-
tances and capacitances, the number of essential physi-
cal elements can be reduced to the arrangement illus-
trated. Such a triple-tuned interstage network provides
a convenient means for fine adjustment of the gain-fre-
quency response to obtain the necessary equalization.
The tube V805 is the output stage of the main ampli-
fier and supplies its output to the detector circuit 900.
The plate voltage for tube V805 is applied from the volt-
age supply 810 through the inductance 836 which is
chosen to resonate with the stray capacitance at the
mid-band frequency. To provide maximum voltage
across the detector load, minimum resistance is intro-
duced in the plate circuit of tube V805. The output is
applied to the parallel primary windings 839 and 840
of the radio frequency transformer T1 through the cou-
pling capacitance 837. The secondary windings 841
and 842 of the transformer T1 are connected in the
conventional push-pull manner for operation with a bal-
anced envelope detector, which comprises the two crys-
tal detectors D1 and D2 and their associated load com-
prising the resistance 901. The output voltage appear-
ing across the resistance 901 is supplied to the cascaded
cathode followers V901 and V902 for power amplifi-
cation. The output of the cathode follower V992 is a
facsimile of the input applied to the video amplifier 100
(FIG. 1), which has been delayed one television line
time. This output can thereafter be utilized in the man-
ner of a standard television signal.

In FIG. 4 there are illustrated characteristic curves
for a system of this kind. Curve A shows the single
peak band-pass characteristic of the delay element, and
curve B shows the double peak characteristics of the main
amplifier with its “soaker” circuit. The curve C shows
the equalized characteristic obtained by associating the
delay element with the main amplifier. It will be noted
that there is achieved a characteristic which is substan-
tially flat for a band width of seven megacycles and down
only three decibels for a band width of fourteen mega-
cycles.

It can be appreciated that the above-described ar-
rangement is merely illustrative of the invention. Other
arrangements can be devised without departing from the
scope and spirit of the invention.

‘What is claimed is:

1. In a system for delaying a television signal substan-
tially one line time, a source of television signals, a source
of a carrier frequency wave, means for modulating the
carrier frequency wave with the television signals for de-
riving a signal wave, a fused silica delay line of a length
corresponding to a delay of substantially one line time,
means for impressing the signal wave on one end of the
delay line comprising an input signal transducer and a
double-tuned circuit with single-side loading concentrated
across the input signal transducer, means for deriving the
delayed signal wave at the other end of the delay line
comprising an output signal transducer and a double-

6

tuned circuit with single-side loading concentrated across
the output signal transducer, amplifying means supplied
with the delayed signal wave comprising a cascode ampli-
fier and a soaker circuit comprising a low Q shunt reso-
5 nant circuit in parallel with a higher Q series resonant
circuit, both said circuits being tuned separately to reso-
nate at the middle of the signal wave band and the Q
of the soaker circuit adjusted to correspond to the effective
Q of the delay line, and means for detecting from the am-
10 plified delayed signal wave the delayed television signal.
"~ 2. In a system for delaying a television signal substan-
tially one line time, a source of television signals, a source
of a carrier wave, means for modulating the carrier wave
with the television signals for deriving a signal wave, a
fused silica delay line of a length corresponding to a
delay of substantially one line time, means for impressing
the signal wave on one end of the delay line comprising
a double-tuned circuit with single-side loading concen-
trated at the input side of said delay line, means for de-
20 riving the delayed signal wave at the other end of the
delay line comprising a double-tuned circuit with single-
side loading concentrated at the output side of said delay
line, amplifying means supplied with the delayed signal
wave comprising a preamplifier section and a main am-
25 plifier section, said main amplifier section having a soaker
circuit including a low Q shunt resonant circuit in paral-
lel with a higher Q series resonant circuit, both said cir-
cuits being tuned separately to resonate at the middle of
the signal wave band, the Q of the soaker circuit corre-
30 sponding to the effective Q of the delay line, and means
for detecting a delayed facsimile of the television signal
from the amplified delayed wave.

3. In a system for delaying a television signal substan-
tially one line time, a fused silica delay line for introduc-
ing a delay of substantially one line time, means for im-
pressing a television wave which is to be delayed to the
input end of said line comprising a double-tuned circuit
with single-side loading concentrated at the input end of
the line, means for deriving the delayed television wave at
the cutput end of the line comprising a double-tuned cir-
cuit with single-side loading concentrated at the output
end of the line, and an equalizing amplifier supplied with
the delayed television wave.

4, A delay system for use in television systems to delay
a television signal substantially one line time comprising
a source of a carrier frequency wave, means for modulat-
ing the carrier frequency wave with the television signals
to be delayed for deriving a signal wave, a fused silica
delay line of a length corresponding to a delay of substan-
tially one line time, means for impressing the signal wave
on one end of the delay line comprising an input signal
transducer and a double-tuned circuit with single-side
loading concentrated across the input signal transducer,
means for deriving the delayed signal wave at the other
end of the delay line comprising an output signal trans-
ducer and a double-tuned circuit with a single-side load-
ing concentrated across the output signal transducer, a
first amplifying means supplied with the delayed signal
wave comprising a cascode amplifier, a second amplifying
means comprising a carrier amplifier and a soaker circuit,
said soaker circuit comprising a low Q shunt resonant cir-
cuit in parallel with a higher Q series resonant circuit,
both said circuits being tuned separately to resonate at the
middle of the signal wave band and the Q of the soaker
circuit adjusted to correspond to the effective Q of the
delay line, and means for detecting from the amplified
delayed signal wave the delayed television signal.
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