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TIME DOMAIN RADIO TRANSMISSION 
SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE OF RELATED 
APPLICATIONS 

This application is a Reissue application of application 
Ser. No. 08/480,447, ?led on Jun. 7, 1995, now US. Pat. No. 
5,952,956, which is a continuation-in-part of application Ser. 
No. 08/335,676, ?led on Nov. 8, 1994, now abandoned, 
which is a continuation-in-part of application Ser. No. 
07/846,597, ?led on Mar. 5, 1992, now US. Pat. No. 5,363, 
108, which is a continuation of application Ser. No. 07/363, 
831, ?led on Jun. 20, 1989, now abanbonded; which is a 
continuation-in-part of application Ser. No. 07/ 192,475, 
?led on May 10, 1988 now abandoned; which is a 
continuation-in-part of application Ser. No. 06/870,177, 
?led on Jun. 3, 1986, now US. Pat. No. 4,743,906; which is 
a continuation-in-part of application Ser. No. 06/677,597, 
?led on Dec. 3, 1984, now US. Pat. No. 4,641,317. 

[This application is also a continuation-in-part of Interna 
tional Application No. PCT/US90/01174, ?led on Mar. 2, 
1990, which is a continuation-in-part of International Appli 
cation No. PCT/US89/01020, ?led on Mar. 10, 1989. Said 
PCT Application No. PCT/US89/01020 is also a 
continuation-in-part of US. application Ser. No. 07/010, 
440, ?led on Feb. 3, 1987, now US. Pat. No. 4,813,057.] 

This above-named prior patent applications and patents 
are hereby incorporated by reference. 

FIELD OF THE INVENTION 

This invention relates generally to radio systems wherein 
time-spaced, essentially monocycle-like signals are created 
from DC pulses and transmitted into space wherein the 
resulting energy bursts are disposed in terms of frequency to 
where the spectral density essentially merges with ambient 
noise, and yet information relating to these bursts is recover 
able. 

BACKGROUND OF THE INVENTION 

Radio transmissions have heretofore been largely 
approached from the point of view of frequency channelling. 
Thus, coexistent orderly radio transmissions are permissible 
by means of assignment of different frequencies or fre 
quency channels to different users, particularly as within the 
same geographic area. Essentially foregoing to this concept 
is that of tolerating transmission which are not frequency 
limited. While it would seem that the very notion of not 
limiting frequency response would create havoc with exist 
ing frequency denominated services, it has been previously 
suggested that such is not necessarily true, and that, at least 
theoretically, it is possible to have overlapping use of the 
radio spectrum. One suggested mode is that provided 
wherein very short (on the order of one nanosecond or less) 
radio pulses are applied to a broadband antenna which ide 
ally would respond by transmitting short burst signals, typi 
cally comprising three or four polarity lobes, which 
comprise, energywise, signal energy over essentially the 
upper portion (above 100 megacycles) of the most fre 
quently used radio frequency spectrum, that is, up to the 
mid-gigahertZ region. A basic discussion of impulse effected 
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2 
radio transmission is contained in article entitled “Time 
Domain Electromagnetics and Its Application,” Proceedings 
of the IEEE, Volume 66, No. 3, March 1978. This article 
particularly suggests the employment of such technology for 
baseband radar, and ranges from 5 to 5,000 feet are sug 
gested. As noted, this article appeared in 1978, and now, 16 
years later, it is submitted that little has been accomplished 
by way of achieving commercial application of this technol 
ogy. 

From both a theoretical and an experimental examination 
of the art, it has become clear to the applicant that the lack of 
success has largely been due to several factors. One is that 
the extremely wide band of frequencies to be transmitted 
poses very substantial requirements on an antenna. Antennas 
are generally designed for limited frequency bandwidths, 
and traditionally when one made any substantial change in 
frequency, it became necessary to choose a different antenna 
or an antenna of different dimensions. That is not to say that 
broadband antennas do not, in general, exist; however, appli 
cant has reviewed many types including bicone, horn, and 
log periodic types and has determined that none provided a 
practical antenna which will enable impulse radio and radar 
usage to spread beyond the laboratory. Of the problems 
experienced with prior art antennas, is to be noted that log 
periodic antennas generally produce an undesired frequency 
dispersion. Further, in some instances, elements of a dipole 
type antenna may be con?gured wherein there is a DC path 
between elements, and such is not operable for employment 
in applicant’s transmitter. 
A second problem which has plaqued advocates of the 

employment of impulse or time domain technology for radio 
is that of effectively receiving and detecting the presence of 
the wide spectrum that a monocycle burst produces, particu 
larly in the presence of high levels of existing ambient 
radiation, presently nearly everywhere. Ideally, a necessary 
antenna would essentially evenly reproduce the spectrum 
transmitted, and the receiver it feeds would have special 
properties which enable it to be utilized despite the typically 
high noise level with which it must compete. The state of the 
art prior to applicant’s entrance generally involved the 
employment of brute force detection, i.e., that of threshold or 
time threshold gate detection. Threshold detection simply 
enables passage of signals higher than a selected threshold 
level. The problem with this approach is obvious that if one 
transmits impulse generated signals which are of suf?cient 
amplitude to rise above ambient signal levels, the existing 
radio services producing the latter may be unacceptably 
interferred with. For some reason, perhaps because of bias 
produced by the wide spectrum of signal involved, e.g., from 
50 mHZ to on the order of 5 gHZ or ever higher, the possibil 
ity of coherent detection has been thought impossible. 

Accordingly, it is an object of this invention to provide an 
impulse or time domain (or baseband) transmission system 
which attacks all of the above problems and to provide a 
complete impulse time domain transmission system which, 
in applicant’s view, eliminates the known practical barriers 
to its employment, and, importantly, its employment for all 
important electromagnetic modes of radio, including 
communications, telemetry, navigation and radar. 

SUMMARY OF THE INVENTION 

With respect to the antenna problem, applicant has deter 
mined a truly pulse-responsive antenna which translated an 
applied DC impulse into essentially a monocycle. It is a 
dipole which is completely the reverse of the conventional 
bat wing antenna and wherein two triangular elements of the 
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dipole are positioned With their bases closely adjacent but 
DC isolated. They are driven at near adjacent points on the 
bases bisected by a line betWeen apexes of the tWo triangular 
elements. This bisecting line may mark a side or height 
dimension of the tWo triangular elements. 
As a further consideration, poWer restraints in the past 

have been generally limited to the application of a feW hun 
dred volts of applied signal energy to the transmitting 
antenna. Where this is a problem, it may be overcome by a 
transmitter sWitch Which is formed by a normally insulating 
crystalline structure, such as diamond material sandWiched 
betWeen tWo metallic electrodes, Which are then closely 
coupled to the elements of the antenna. This material is 
sWitched to a conductive, or less resistive, state by exciting it 
With an appropriate Wavelength beam of light, ultraviolet in 
the case of diamond. In this manner, no metallic triggering 
communications line extends to the antenna Which might 
otherWise pick up radiation and re-radiate it, adversely 
affecting signal coupling to the antenna and interfering With 
the signal radiated from it, both of Which tend to prolong the 
length of a signal burst, a clearly adverse effect. 

With respect to a radio receiver, a like receiving antenna is 
typically employed to that used for transmission as 
described above. Second, a locally generated, coordinately 
timed signal, to that of the transmitted signal, is either 
detected from the received signal, as in communications or 
telemetry, or received directly from the transmitter, as, for 
example, in the case of radar. Then, the coordinately timed 
signal, typically including a basic half cycle, or a feW, up to 
10 half cycles, of signal, is mixed or multiplied by a factor of 
l (as With sampling or gating of the received signals), or 
ideally, as Where the coordinately locally generated signal is 
curved, the factor is greater than one, giving rise to ampli? 
cation in the process of detection, a signi?cant advantage. 
Thus, the modulation on a signal, or position of a target at a 
selected range, as the case may be, is determined. Such a 
detection is further effected by an integration of the detected 
signal, With enhanced detection being accomplished by both 
a short term and long term integration. In this latter process, 
individual pulse signals are integrated only during their 
existence to accomplish short term integration, and folloW 
ing this, the resultant short term integration signals are long 
term integrated by integrating a selected number of these and 
particularly by a method Which omits the noise signal con 
tent Which occurs betWeen individual pulse signals, thereby 
effecting a very signi?cant increase in signal-to-noise ratio. 

It is acknoWledged that coherent detection of frequency 
signals has been effected by the employment of coincidence 
detection, folloWed by only long term detection, but it is 
submitted that such coherent detection did not contemplate 
the local generation of a signal but contemplated storing of a 
portion of a transmitted signal Which Was then phase coordi 
nated With the incoming signal, Which on its face presents an 
essentially impossible task Where there is the detection of a 
ultra Wideband frequency pulse as in the present case. 

Further, transmitted burst signals may be varied in time 
pattern (in addition to a modulation pattern for communica 
tions or telemetry). This greatly increases the security of the 
system and differentiates signals from nearly, if not all, 
ambient signals, that is, ambient signals Which are not syn 
chronous With transmitted burst signals. This also enables 
the employment of faster repetition rates With radar Which 
Would, absent such varying or dithering, create range ambi 
guities as betWeen returns from successive transmission and 
therefore ranges. Burst signals are signals generated When a 
stepped, or near stepped, voltage change is applied to an 
impulse-responsive antenna as illustrated and discussed 
herein. 
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As still a further feature of this invention, the repetition 

rate of burst signals may be quite large, say, for example, up 
to 100 mHZ, or higher, this enabling a very Wide frequency 
dispersion; and thus for a given overall poWer level, the 
energy at any one frequency Would be extremely small, thus 
effectively eliminating the problem of interference With 
existing radio frequency based services. 
As still a further feature of this invention, moving targets 

are detected in terms of their velocity by means of the 
employment of a bandpass ?lter, folloWing mixing and 
double integration of signals. 
As a still further feature of the invention, When employed 

in this latter mode, tWo channels of reception are ideally 
employed Wherein the incoming signal is multiplied by a 
selected range, or timed, locally generated signal in one 
channel, and mixing the same incoming signal by a slightly 
delayed, locally generated signal in another channel, delay 
being on the order of one-quarter to one-half the time of a 
monocycle. This accomplishes target differentiation Without 
employing a separate series of transmissions. 
As still another feature of this invention, multiple radia 

tors or receptors Would be employed in an array Wherein 
their combined effect Would be in terms of like or varied-in 
time of sensed (or transmitted) output, to thereby accent 
either a path normal to the face of the antenna or to effect a 
steered path offset to a normal path accomplished by 
selected signal delay paths. 
As still another feature of this invention, radio antenna 

elements Would be positioned in front of a re?ector Wherein 
the distance betWeen the elements and re?ector is in terms of 
the time of transmission from an element or elements to 

re?ector and back to element(s), typically up to about three 
inches, this being With tip-to-tip dimension of elements of 
someWhat beloW nine inches up to approximately nine 
inches. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a combination block-schematic diagram of an 
intelligence time domain transmission system. 

FIG. 1a is a schematic diagram of an alternate form of the 
output stage of the transmitter shoWn in FIG. 1. 

FIG. 2 is a block diagram of a time domain receiver as 
contemplated by this invention. 

FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D, FIG. 3E, FIG. 3F, 
FIG. 3G, FIG. 3H, FIG. 3I, FIG. 3], FIG. 3K, and FIG. 3L, 
depict electrical Waveforms illustrative of aspects of the cir 
cuitry shoWn in FIGS. 1 and 1a. 

FIG. 4T1, FIG. 4T2, FIG. 4Ta and FIG. 4Ea is a set of 
electrical Waveforms illustrating aspects of operation of the 
circuitry shoWn in FIG. 2. 

FIG. 5 is an electrical block diagram illustrative of a basic 
radar system constructed in accordance With this invention. 

FIGS. 6, 6a and 7 illustrate the con?guration of an antenna 
in accordance With the invention. 

FIG. 8a and FIG. 8b shoW side and front vieWs, 
respectively, of an alternate form of antenna constructed in 
accordance With this invention. 

FIGS. 9a and 9b diagrammatically shoW side and front 
vieWs, respectively, of another alternate embodiment of an 
antenna array. 

FIGS. 10*15 illustrate different sWitching assemblies as 
employed in the charging and discharging of antennas to 
effect signal transmission. 

FIG. 16 illustrates a radar system particularly for employ 
ment in facility surveillance, and FIG. 17 illustrates a modi 
?cation of this radar system. 
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FIGS. 18, 18a and 19 illustrate the general arrangement of 
transmission and receiving antennas for three-dimensional 
location of targets. 

FIG. 20 is a schematic illustration of a modi?ed portion of 
FIG. 1 illustrating transmission and reception of time 
domain type sonic signals. 

FIG. 21 is a schematic illustration of an alternate portion 
of FIG. 1 illustrating both the employment of like time 
domain signals and a like modulation system adapted to pro 
duce broadband modulated light signals from the output of a 
conventional narroW band laser. 

FIG. 22 is an illustration of an optical frequency modula 
tor. 

FIG. 23 is an illustration of an optical frequency demodu 
lator. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, and initially to transmitter 10, a base 
frequency of 100 kHZ is generated by oscillator 12, typically 
being a crystal controlled oscillator. Its output, a pulse 
signal, is applied to +4 divider 14 to provide at its output a 
25-kHZ (0 to 5 volts) pulse signal shoWn in Waveform A. of 
FIG. 3. Further alphabetic references to Waveform Will sim 
ply identify them by their letter identity and Will not further 
refer to the ?gure, Which Will be FIG. 3. The 25-kHZ output 
is employed as a general transmission signal. 

The output of +4 divider 14 is employed as a signal base 
and as such is supplied through capacitor 20 to pulse posi 
tion modulator 22. Pulse position modulator 22 includes in 
its input an RC circuit consisting of resistor 24 and capacitor 
26 Which convert the square Wave input to an approximately 
triangular Wave as shoWn in Waveform B, it being applied 
across resistor 25 to the non-inverting input of comparator 
28. A selected or reference positive voltage, ?ltered by 
capacitor 27, is also applied to the non-inverting input of 
comparator 28, it being supplied from +5-volt terminal 31 of 
DC bias supply 30 through resistor 32. Accordingly, for 
example, there Would actually appear at the non-inverting 
input a triangular Wave biased upWard positively as illus 
trated by Waveform C. 

The actual conduction level of comparator 28 is deter 
mined by an input signal supplied through capacitor 36, 
across resistor 37, to the inverting input of comparator 28, as 
biased from supply 30 through resistor 38 and across resistor 
32. The combined signal input bias is illustrated in Wave 
form D. 

With sWitches 39, 39a, and 39c open and sWitch 39b in the 
alternate position to that shoWn, signal input Would be sim 
ply the audio output of microphone 34, amplitude, if needed, 
by ampli?er 35. Altemately, by closing sWitch 39, the signal 
input to comparator 28 Would be the sum of the audio output 
and a signal offset or dither voltage, for example, provided 
by the output of signal generator 33, these signals being 
summed across resistor 41. Signal generator 33 may, for 
example, provide a sine, binary, or other signal, and, as 
illustrated, it is labeled as providing a “binary sequence A.” 
Thus, generator 33 Would provide a binary signal voltage as 
a sequence of discrete voltage pulses varying betWeen Zero 
voltage and some discrete voltage, Which may be representa 
tive of letters or numerical values or simply a random value. 
Thus, the input to comparator 28 Would be the sum of these 
voltages, and by virtue of this combination, the output of 
comparator 28 Would rise to a positive saturation level When 
triangular Wave signal 40 (Waveform E) is of a higher value 
than the effective modulation signal 42 and drop to a nega 
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6 
tive saturation level When modulation signal 42 is of a 
greater value than the triangular Wave signal 40. The output 
signal of comparator 28 is shoWn in Waveform F, and the 
effect is to vary the turn-on and tum-off of the pulses shoWn 
in this Waveform as a function of the combination of the 
intelligence and dither signals Where one is employed. Thus, 
there is effected a pulse position modulation from an ampli 
tude signal. The dither signal enables an added discrete pat 
tern of time positions to be included With a transmitted 
signal, thus requiring that to receive and demodulator it, the 
dither signal must be accurately reproduced. 

FIG. 1 also shoWs alternate arrangements for converting 
the analog voltage derived from microphone 34 to binary 
form or the employment of a general digital source, and as a 
computer, and Whereby the output of comparator 28 Would 
be governed by one of such sources. Accordingly, With 
sWitch 39 closed, and providing a dither voltage, it Would be 
combined With one of the tWo other intelligence sources, 
either a digitally encoded voice signal or a digital signal 
from some independent digital source. Thus, in one instance, 
sWitch 39a Would be open and sWitches 39 and 39c closed, 
With sWitch 39b positioned to provide the signal from ampli 
?er 35 to A/D converter 34a. In such case, the microphone 
signal from ampli?er 35 Would be fed to A-D converter 34a, 
and the resulting digitiZed output, being in parallel, Would be 
fed to parallel-to-serial converter 34b Wherein its output 
Would be a serial digital binary output Which Would be fed to 
comparator 28 as the sum of the dithered voltage and binary 
output of parallel-to-serial converter 34b. 
As the other alternative, With sWitches 39 and 39a closed 

and sWitch 39c open, the input to comparator 28 Would be 
the sum of the dithered and digital source voltage. The digi 
tal source voltage is provided by digital source 29, and 
assuming that it is in parallel form, it Would be converted to a 
serial form by parallel-to-serial converter 29a, and then With 
sWitch 39a closed, it Would be provided along With the dith 
ered output of generator 33 as an intelligence input to the 
inverting input of comparator 28. Thus, the output of com 
parator 28 Would be the algebraic sum of the voltages 
applied to comparator 28 as previously described. 

With respect to the output signal of comparator 28, We are 
interested in employing a negative going or trailing edge 44 
of it, and it is to be noted that this trailing edge Will vary in its 
time position as a function of the signal modulation. This 
trailing edge of the Waveform, in Waveform F, triggers “on” 
mono, or monostable multivibrator, 46 having an “on” time 
of approximately 50 nanoseconds, and its output is shoWn in 
Waveform G. For purposes of illustration, While the pertinent 
leading or trailing edges of related Waveforms are properly 
aligned, pulse Widths and spacings (as indicated by break 
lines, spacings are 40 microseconds) are not related in scale. 
Thus, the leading edge of pulse Waveform G corresponds in 
time to the trailing edge 44 (Waveform F), and its time posi 
tion Within an average time betWeen pulses of Waveform G is 
varied as a function of the input modulation signal to com 
parator 28. 
The output of mono 46 is applied through diode 48 across 

resistor 50 to the base input of NPN transistor 52 operated as 
a triggering ampli?er. It is conventionally biased through 
resistor 54, e.g, 1.5 K ohms, from +5-volt terminal 31 ofb 
5-volt poWer supply 30 to its collector. Capacitor 56, having 
an approximate capacitance of 01 mf, is connected betWeen 
the collector and ground of transistor 52 to enable full bias 
potential to appear across the transistor for its brief turn-on 
interval, 50 nanoseconds. The output of transistor 52 is 
coupled betWeen its emitter and ground to the primary 58 of 
trigger transformer 60. Additionally, transistor 52 may drive 
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transformer 60 via an avalanche transistor connected in a 
common emitter con?guration via a collector load resistor. 
In order to drive transformer 60 With a steep Wave front, an 
avalanche mode operated transistor is ideal. Identical sec 
ondary Windings 62 and 64 of trigger transformer 60 sepa 
rately supply base-emitter inputs of NPN avalanche, or ava 
lanche mode operated, transistors 66 and 68 of poWer output 
stage 18. Although tWo are shoWn, one or more than tWo 
may be employed When appropriately coupled. 

With avalanche mode operated transistors 66 and 68, it 
has been found that such mode is possible from a number of 
types of transistors not otherWise labeled as providing it, 
such as a 2N2222, particularly those With a metal can. The 
avalanche mode referred to is sometimes referred to as a 
second breakdoWn mode, and When transistors are operated 
in this mode and are triggered “on,” their resistance rapidly 
goes quite loW (internally at near the speed of light), and 
they Will stay at this state until collector current drops su?i 
ciently to cut off conduction (at a feW microamperes). Cer 
tain other transistors, such as a type 2N440l, also display 
reliable avalanche characteristics. 

As illustrated, impulse antenna 200 is charged by a DC 
source 65 through resistors 67 and 69 to an overall voltage 
Which is the sum of the avalanche voltage of transistors 66 
and 68 as discussed above. Resistors 67 and 69 together have 
a resistance value Which Will enable transistors 66 and 68 to 
be biased as described above. Resistors 71 and 73 are of 
relatively loW value and are adjusted to receive energy beloW 
the frequency of cut-off of the antenna. In operation, When a 
pulse is applied to the primary 58 of pulse transformer 60, 
transistors 66 and 68 are turned “on,” effectively shorting, 
through resistors 71 and 73, antenna elements 204 and 206. 
This action occurs extremely fast, With the result that a sig 
nal is generated generally as shoWn in pulse Waveform G 
(but someWhat rounded). Antenna 200 differentiates the 
pulse G to transmit essentially a monocycle of the general 
shape shoWn in Waveform H. 

FIG. 1a illustrates an alternate embodiment of a transmit 
ter output stage. It varies signi?cantly from the one shoWn in 
FIG. 1 in that it employs a light-responsive avalanche tran 
sistor 63, e. g., a 2N3033. Similar components are designated 
With like numerical designations to that shoWn in FIG. 1, but 
With the suf?x “a” added. Transistor 63 is triggered by laser 
diode or fast turn-on LED (light emitting diode) 61, in turn 
driven by avalanche transistor 52a generally operated as 
shoWn in FIG. 1. By employment of a light-activated ava 
lanche or other avalanche mode operated semiconductor 
sWitches (noW existing or soon appearing), or a series of 
them connected in series, it appears that the voltage for 
poWer source 65a may be elevated into the multi-kilovolt 
range, thus enabling a poWer output essentially as high as 
desired. In this respect, and as a particular feature of this 
invention, a light-triggered, gallium arsenide, avalanche 
mode operated sWitch Would be employed. 

Referring back to FIG. 1, the output of monocycle produc 
ing antenna 200, With elements 204 and 206, is typically 
transmitted over a discrete space and Would typically be 
received by a like broadband antenna, e.g., antenna 200 of a 
receiver at a second location (FIG. 2). 

FIG. 2 illustrates a radio receiver Which is particularly 
adapted to receive and detect a time domain transmitted sig 
nal. In addition, it particularly illustrates a system for detect 
ing intelligence Which has been mixed With a particular off 
set or dither signal, analog or digital, such as provided by 
binary sequence “A” generator 33 shoWn in FIG. 1. It Will 
thus be presumed for purposes of description that sWitch 39 
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8 
of FIG. 1 is closed and that the signal transmitted by trans 
mitter 10 is one Wherein intelligence signals from micro 
phone 34 are summed With the output of binary sequence 
“A” generator 33, and thus that the pulse position output of 
transmitter 10 is one Wherein pulse position is a function of 
both intelligence and offset or dither signals. Thus, the trans 
mitted signal may be described as a pulse position modu 
lated signal subjected to changes in pulse position as 
effected by a time offset pattern of the binary sequence “A.” 
The transmitted signal from transmitter 10 is received by 

antenna 200 (FIG. 2), and this signal is fed to tWo basic 
circuits, demodulation circuit 222 and template generator 
234. In accordance With this system, a replica of the trans 
mitted signal, Waveform H (FIG. 3), is employed to effect 
detection of the received signal, basic detection being 
accomplished in multiplier or multiplying mixer 226. For 
maximum response, the template signal, reproduced as 
Waveform FIG. 4 T1 in FIG. 4, must be applied to mixer 226 
closely in phase With the input, as Will be further described. 
As in the Waveforms of FIG. 3, further references to the 
Waveforms of FIG. 4 Will not refer to the ?gure designation 
but Will instead refer to the alphabetic designation of the 
Waveforms. It Will differ by a magnitude not perceptible in 
the Waveforms of FIG. 4 as a function of modulation, effect 
ing sWings of approximately 1200 picoseconds, typically for 
a l-nanosecond pulse. To accomplish such near 
synchronization, template generator 234 employs a crystal. 
controlled but voltage controlled oscillator 227 Which is 
operated by a control voltage Which synchronizates its 
operation in terms of the received signal. 

Oscillator 227 operates at a frequency Which is substan 
tially higher than the repetition rate of transmitter 10, and its 
output is divided doWn to the operation frequency of 25 kHz 
by frequency divider 230, thus equal to the output of divider 
14 of transmitter 10. 

In order to introduce a pattern of dither corresponding to 
that provided by binary sequences “A” generator 33, a like 
generator 228 provides a binary changing voltage to pro 
grammable delay circuit 232 Which applies to the signal out 
put of divider 230, a delay pattern corresponding to the one 
effected by binary sequence “A” generator 33 of FIG. 1 
When added to intelligence modulation. Thus, for example, 
this might be four 8-bit binary Words standing for the numer 
als 4, 2, 6, and 8, the same pattern having been generated by 
binary sequence “A” generator 33 and transmitted by trans 
mitter 10. It is further assumed that this is a repeating binary 
pattern. Thus, programmable delay 232 Will ?rst delay a 
pulse it receives from divider 230 by four units. Next, the 
same thing Would be done for the numeral 2, and so on, until 
the four-numeral sequence has been completed. Then, the 
sequence Would start over. In order for the tWo binary 
sequence generators to be operated in synchronization, 
either the start-up time of the sequence must be communi 
cated to the receiver, or else signal sampling Would be for a 
suf?cient number of signal input pulses to establish synchro 
nization by operation of the synchronization system, as Will 
be described. While a repeatable sequence is suggested, it 
need not be such so long as there is synchronization betWeen 
the tWo generators, as by transmission of a sequence start 
signal and the provision in the receiver of means for detect 
ing and employing it. 

Either programmable delay 232 or a second delay device 
connected to its output Would additionally provide a general 
circuit delay to take care of circuit delays Which are inherent 
in the related circuitry With Which it is operated, as Will be 
described. In any event, the delayed output of delay 232, 
Which is a composite of these, Will be provided to the input 


















