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United States Patent Office 

3,175,595 
LONG TEME DELAY LINE 

Frederick R. Fuhr, Oxon Hill, Md., glad 5, McLaagh 
lin, Washington, D.C., and Schuyler C. Wardrip, Spritag 
field, Va., assignCrs to the United States of Anherica as 
represented by the Secretary of the Navy 

Fied Oct. 31, 1961, Ser. No. 149,535 
4. Clains. (Ci. 340-173) 

(Granted trader Title 35, U.S. Cede (1952), sec. 256) 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalities thereon or therefor. 

This invention relates to improvements in time delay 
circuits for data processing systems and more particularly 
to an improved circuit and method for obtaining relatively 
long, controlled time delays. 
A delay line is a device which will accept a time-varying 

electrical signal at its input, and within certain limits of 
amplitude, time rate of change, and accuracy, deliver this 
signal to its output terminal following some predictable 
delay. Numerous techniques to accomplish this effect, such 
as lumped or distributed constantlines, ultrasonic waves in 
solids or liquids and electromechanical or electromagnetic 
recording having been developed in the prior art, but the 
field is limited by lack of a simple, reliable delay line 
which will provide time delays up to several seconds in 
length and still be capable of a fast acting continuous but 
variable readout. 

Delay lines employing lumped or distributed electrical 
constants exhibit a fixed delay for a given configuration, 
and experience a progressive deterioration of the signal 
amplitude with increasing delay time. Either type of line 
is limited in that precautions must be taken to avoid upset 
ting impedances, the signals change at every point along 
the line from input to output at a constant rate and the 
delayS range from millimicroseconds to milliseconds. 

Prior delay lines have also converted signals to a sound 
wave or employed the signal to modulate an ultrasonic car 
rier which is transmitted acoustically through a solid, liq 
luid or gas having the desired transit time delay. Trans 
ducers are usually employed to sample or tap the signal 
energy at variable positions along the carrier but then the 
System is limited by certain minimum distances that are 
necessitated due to the physical size of the carrier and 
transducers. Delay media which have been employed in 
systems previously reduced to practice have included air, 
water, mercury, metal wires or rods (usually of inagneto 
strictive material) and quartz plates. Delay times, how 
ever, must remain fixed for a given configuration and 
practical time delays range from a few microseconds to 
several milliseconds in devices of reasonable size. 

Electromechanical and electromagetic recording tech 
niques have also been employed as a delay line but to 
avoid endless consumption of recording media, a closed 
loop System providing for erasure and re-use of the media 
must be enployed. While time delays are theoretically 
without limit for extended operations, the media itself is 
subject to wear and needs replacement. Further limiting 
their application is the need for driving mechanisms 
necessary to produce relative mechanical movements. 
The most closely related previously existing delay line, 

is described in the British periodical “Nature,' January 26, 
1952, pages 148 to 149 by J. M. Jaussen wherein an ampli 
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fier is used to isolate the respective capacitors. The delay 
line, however, is limited in that the transfer operation must 
be carried out at twice the transfer cycle rate, amplifier 
distortion or noise may introduce undesirable discrepancies 
in the transfer process and the equipment requirements 
are large since two amplifiers, capacitors and relay con 
tacts are required for each element of time resolution in 
the stored signal. 

Accordingly, it is an object of our invention to provide 
an improved method and device for storing electrical in 
formation for relatively long periods of time without undue 
complexity. 

It is another object of our invention to provide an in 
proved storage device for retaining data over long periods 
of time and to provide means for rapid, continuous and 
variable readout. 

it is a further object of this invention to provide a 
signal processing circuit capable of causing a time delay 
of several seconds and capable of passing frequencies lim 
ited only by the sampling rate used to cause the time 
delay. 

It is still a further object of our invention to provide a 
storage device useful as a signal detector wherein each 
Stored element of an input signal is made available simulta 
neously and with a minimum of operations for rapid sam 
pling operations. 
Yet another object of this invention is to provide a 

long time delay line capable of being employed as a stor 
age device for pattern recognition of a signal by repeti 
tively scanning each element of time resolution. 

Still another object of our invention is to provide a 
storage device whereby the delay line permits a wide con 
tinuous but variable range of substantially instantaneous 
control over the total delay. 
According to the invention, a data signal is supplied to 

a delay line requiring only one capacitor and one relay 
contact for each stored element of time resolution in the 
Stored signal. The circuit requires only one read-in am 
plifier and one readout amplifier while performing only 
one readin-readout operation for each time element, or in 
operations between a signal element entering the line and 
the time it is delivered to the output, where n is the num 
ber of capacitors in the delay line. Each signal element is 
also made simultaneously available by n cathode followers 
whereby rapid sampling operations may be performed and 
unlimited scanning readout of each stored element is provided. 
The exact nature of this invention together with other 

objects, novel features and advantages thereof, will be 
readily apparent from consideration of the following de 
Scription relating to the annexed drawing wherein similar 
reference numerals refer to similar parts and wherein: 
FIGURE 1 shows a schematic diagram, partially in 

block form, of the delay line in accordance with the prin 
ciples of our invention; 
FIGURE 2 is an illustration of the waveforms encoun 

tered for proper operation of the delay line shown in 
FIGURE 1; and 
FIGURE 3 is a block diagram showing a signal scan 

ning system employing the delay line of our invention. 
Referring now to the drawings and in particular to 

FIG. 1, the delay line of this invention is shown as con 
prising an insertion driver 10 for impressing data in the 
form of a pulsed input signal on the line and a readin 
reiay arm i actuated by a readin relay coil 12. Arm 



3, i. 
3. 

1a is also arranged so as to be able to connect a common 
line 3 through input contact point 14 which with contact 
15, forms a three terminal readin relay switch. Also 
connected along common line 13 are n number of leads 
16, 16 . . . 16m, the number depending upon, the signal 
bandwidth and delay desired. The stored input signal 
is divided into separate elements of time resolution rep 
resentative of data information, with each element stored 
by a separate capacitor 17, 17' . . . .7. Each capacitor 
is connected to common line 3 by means of a storage 
relay arm 8, 8' . . . 18m which is actuated by a storage 
reiay coil 9, 19 . . . .9n and with contacts 29, 20' . . . 20m 
and 21, 21... 2n forms a two way relay switch. The 
respective storage relays are controlled from input ter 
minals 22, 22' . . . 22n wherever a programmed signal is 
applied. Common line 3 is also provided with a read 
out contact point 23 which with contact 24, relay arm 25 
and relay coil 26 form a two way read out relay switch 
whereby the common line 3 can be connected to output 
ircuit 27. 
Circuit 27 comprises a series connected high impedance 

cathode follower 23 and filter 29. The readin switch re 
lay is actuated by a control signal being applied to ter 
minal 30 while the readout switch relay is actuated by 
applying a control signal to terminal 31. 

Each capacitor is also provided with an output contact, 
32, 32' . . . 32n so as to make each stored signal elerheint 
simultaneously available for further processing such as 
shown in FiG. 3. 
The operation of the circuit is best seen by considering 

the pulse waveforms shown in FIG. 2. Neglecting 
switching time delays and assuming that the relays op 
erate from positive signals, the waveforms shown in FIG. 
2 will cause proper operation of the delay line shown in 
FIG. 1. As shown in F.G. 1, at time zero (T) all the 
switches are in their rest (or open) position. Starting 
at time T, storage relay coil 19 is energized by a signal 
(FIG. 2a) impressed on program input terminal 22 caus 
ing capacitor i7 to be connected to the common line i3. 
Simultaneously at time T1, readout relay coil 26 is ener 
gized (FIG. 2d) for approximately one-half (/2) the 
time that coil 19 is energized. This causes the voltage or 
signal element stored in capacitor 17 to be connected to 
the output circuit, allowing the voltage or signal element 
on capacitor 7 to be read out through a sample and 
hold cathode follower 28. At T2, approximately half 
(1/2) way through the time cycle that storage coil 9 is 
energized, readout coil 26 is de-energized and a pulse 
applied to program terminal 30 (FIG. 2e) energizing 
readin relay coil 12. This allows capacitor 17 to be con 
nected to signal source () and causes capacitor 17 to be 
charged to the signal voltage at that instant representative 
of the signal from the driver 10. Readin coil 12 is then 
de-energized followed by the storage relay switch coil 19. 
Storage relay coil 9' is then energized (FIG. 2b) at 
time T3 and again simultaneously, readout relay coil is 
energized by applying a control pulse to program ter 
minal 31, capacitor 7' being connected to the output 
sample and hold cathode follower 28. At time T, ap 
proximately half way through the pulse cycle applied to 
terminal 22, readout coil 26 is de-energized and momen 
tarily at Ts, readin coil 12 is again energized allowing 
capacitor 7 to be charged to the voitage value present at 
input contact point E4. This operation is repeated for in 
capacitors and relays (time Ts to Ta) and when the pro 
gram has passed through in steps, the signal returns to 
terminal 22 and begins to repeat the operation. Thus 
the output signal is n switching periods behind the input 
signal and is designated in FIG. 2 as the time delay be 
tween T and T. 

it should be appreciated that the present invention is 
not to be limited to any particular set of values for the 
circuit components or means for accomplishing the 
Switching operation and the programming signals may 
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be developed by any type of counting device which will 
provide the proper time and waveforms. 

It should also be appreciated that our invention only 
requires one capacitor and one relay contact for each 
stored element of time resolution in the stored signal. 
It should also become apparent that this circuit will per 
form only one readin-readout operation for each time 
element and that it operations will be performed between 
a signal element entering the line and the time it is de 
livered to an output circuit causing the delay, where n is 
the number of signal elements stored. 

By connecting a high innpedance cathode follower to 
each of the capacitors at terminals 32, 32' . . . 32n a 
unique signal scanning system becomes possible. Con 
sidering in particular FIG. 3, n number of cathode fol 
lower circuits 60 are coupled to n number of storage ele 
ments in a delay storage 60 which is the delay line shown 
in FIG. 1. This allows for means for providing simulta 
neously for readout, each element of time resolution of 
the stored input signal. If each of the outputs of the 
cathode followers are then scanned at a high rate such as 
by Scanner 70 an output signal representative of a func 
tion of the respective cathode followers is provided at 
output terminal 8). The scanner is synchronized with 
the programmer 569 through pulse generator 90 thereby 
providing a further unique signal detecting and proc 
essing system. 

By varying the Scan pattern and/or the programming, 
a wide continuous range of instantaneous control over 
the elements of time resolution stored in delay unit 40 
becomes possible. 
A unique feature of our invention is that the delay of 

the input signal from driver 10 is only limited by the 
sampling rate from programmer 50. 

This invention has been utilized in providing up to 100 
steps in the delay line with a signal decay of less than 
1% of the input value of each stored element while 
making every element of a stored signal simultaneously 
available for rapid sampling operations with a minimum 
of operations. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood, that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described. 
What is claimed is: 
1. In a storage device for retaining data over long 

periods of time, the combination of, a common transmis 
Sion line, a readin switch, means for connecting and dis 
connecting said switch to said line, a data signal source 
coupied to said readin switch, a readout switch, means 
for connecting and disconnecting said readout switch to 
said line, in number of terminals between said readin 
Switch and said readout switch connected to said com 
non line, it number of means for storing n elements of 
Said data signal, switch means for connecting and discon 
necting the terminals of said common line to n number of 
storing means and programming means for sequentially 
controlling the operation of all of said switches and 
Switch means and for varying the rate at which all of 
Said Switches and switch means operate. 

2. In the storage device as set forth in claim 1, where 
in means are also provided for repetitively scanning the n 
runnber of storing means. 

3. In a long time delay circuit, the combination of, a 
data signal source comprising n number of bits, a com 
Inon transmitting line, readin switch means for connecting 
and disconnecting said data signal source to said line, first 
output utilizing means, readout switch means for connect 
ing and disconnecting said first output utilizing means to 
Said line, n number of terminals distributed between said 
readil Switch and said readout switch on said transmitting 
line, n number of storage means, in storage switch means 
for connecting and disconnecting said it number of stor 
age means to said in number of terminals, Imeans for in 
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dividually and in ordered sequence actuating each of said 
storage switch means to connect respective storage means 
and line terminals for a predetermined time period, means 
for actuating said readout switch means for one-half the 
time period each of said storage switch means are actu 
ated, means for actuating said readin switch means for 
a portion of the remaining time period each of said stor 
age means are connected to said line terminals and after 
said readout switch means are disconnected from said 
line, second output utilizing means for making n number 
of storage means instantaneously available and sampling 
means for scanning said second output utilizing means. 

4. In the long time delay circuit as set forth in claim 3 

O 

6 
wherein said second output utilizing means comprises in 
number of sample and hold high impedance cathode foll 
lower circuits which are repetitively scanned by said sam 
pling means. 
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