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2229055 TI ME DONAIN RADIO'TRANSNISSICN SYSTEM Fi el d of ~t-he=laAventgen This
I nvention relates. generally to radio transm ssion systens and particularly
to a tine domain system wherein spaced, pul se generated units of wide
frequency band el ectromagnetic energy are transmtted via a broadband
aQLenna Background of the Invention The radio transmssion of both
og and digital conmunications intelligence is normally effected by one
of4fmn nmet hods. In one, referred to as an anplitude nodul ati on system a
si nusoi dal radio frequency carrier is nodulated in anplitude in terns of
the intelligence or communications signal, and when the signal is received
at a receiving location, the-reverse process, that is, denodul ation of the
carrier, is effe% b8 rd hﬁ“%mg Jer1gNaT Ly gnal The ot her
systenlenploys vwEn-1ﬁ;-Férng%5§Tfmnmwnnr-nuguga$71nr-ﬁand i nstead of
anpl i tude nodul ation of the carrier signal, it is frequency nodul ated.
When a frequency nodul ated signal is recelved, circuitry is enployed which
performs what is ternmed discrimnation wherein changes in frequency are
-2- changed to changes in anplitude in accordance with the origina
nodul ati on, and thereby a comuni cations signal is recovered. In both
systens, there is as a basis a sinusoidal carrier which is assigned and
occupi es a distinctive frequency band wi dth, or channel, and this channel
occupi es spectrum space which, if interference : o
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\-; Fileld g_ the Invention

This 1nvention relates generally to radio transmission
systems and particularly to a time domain system_whereln spaced,
pulse generated units of wide frequency band electromagnetic

energy are transmitted via a broadband antenna.

Background of the Invention
The radio trdnohieo;on'ot both uha]oq and digital
~communications intdlligonée is normally'effécted by one of two
methods, 1In one, referred to as an amplitude modulation system, a
sinuscidal radio freguency carrier is modulated in amplitude in
\~/terms of the intelligence or communications signal, and when the
signal is received at a receiving location, the_reverse process,
that io. demodulation of the carrier, 1a'et£ectnd'to recover the
communicat!dns signal. The other system employs what is termed
frequency modulation, and instead of amplitude modulation of the
carrier signal, it is frequency modulatod. When a frequency
modulated signal is received, circu!try 1s employed which performs

what is termed discrimination wherein changes in frequency are



is te be avoided, cannot be utilized by other transmissions. At*-this t'ihe,-"-

al nost every nook and cranny of spectrum space is being utilized, and there
is a tremendous need for sone nethod of expanding the availability of
medi um for conmmunicati ons. In consideration of this, it has been

suggested that instead of the use of discrete frequency channels for radio-

comuni cations links, which is the conventional approach, a radio
transmi ssi onhahgledertp? oghmqasmoeramléMynspe@myﬁaagsl &igh dtheded .

whi ch may eyt-4 n%‘ieho%ldlf&"lﬁ%xpf alfll ithekdby Imﬂﬂiﬁ,iéu@iaﬂgeﬁ@néfnd

wi dth being transmtted, but wHerei n t he ener any single frequency
maki ng up t A8t rﬁfé&‘fﬁ’iﬁﬁ-be ¥Br Patdy, systems; | SEFov?r RA%af bAFiK 2| evels.

Wi |l e tl tf Binﬁ@b‘:ﬂﬁi Ebafr&ars wipenofig FW@naMU|dcbﬁp£&§eﬁl ally
non-i nterferin 0 I Service I can nawa an
avai lable Bystiiculs® Eadieact Bant waiiy #r coaioe e it et
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generating ~ means gener'ati ng reoccurring pul'ses un
each pul se Giransmissions.

At this time, almost every nook and cranny of
spectrum space is being utilized, and there is a
tremendous need for some method of expanding the
availability of medium for communications. In
consideration of this, it has been suggested that
instead of the use of discrete frequency channels for
radio communications 1links, which is the conventional
appr'oach, a radio transmission 1link employing a wider
frequency spectrum could be divided which may extend
over a range of 10 to 100 times the intelligence band
width being transmitted, but wherein the energy of ahy
single frequency making up that spectrum be very low,
typically below normal noise levels. While it is
obvious that this type of transmission would be
essentially non-interfering with other services, the
applicant is unaware of any available 'system for
practicing this.

Summa of e Invention

In accordance with this invention, there is
provided a time domain radio transmission system
comprising:

a radio transmitter comprising:

pulse generating means for generating
reoccurring pulses units, wherein each pulse unit is
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“conprised of at |east one pul se signal having an abrupt eddé ¥nd wher'ei n
sdid pulse units are a varying tinme sequence of pulse units, a source of
intelligence signals, nodulation neans responsive to said pulse generati ng
means and sai d source of intelligence signals for" prOV|d|ng, as a nodul at ed
output, a train of pulse units wherein a discrete edge region is varied in
tigg position as a function of said intet3Tgence signals, transnitting

annt’enna Im:ﬁr(}ﬁ::.sé‘d)f@flétngeaSﬁ wndebanéetr gﬁ@lt &imt@taaﬂr&brﬁw C
power source,, and ﬁa smnichln to said w de
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transmittindO%ht 8 "ﬁh"cf%’aﬂd fle P Bhg i %oHFFXH“]gnp jme
responsi ve tsecuesaral m@mmemm$ut for abrupt I y sw tchi ng between the

states of power appl £E¥¥HHL éi%lnot bei ng applied to
sai d w deband antennéa Ig?éeg?/ d'wécre € sﬁ&% E% pul'ses are transmitted as
transmtted signals; nedylak 108 ccBRREE cFgsRAIsiye r cke visagdnedslse
conprising g M}%%W%ﬁ&rséﬁ?%d&f&atéﬁméﬂ%éé% Is
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means responsive to toansmiteingd anntenna - means ComprlSlng a
wideband transmitting antenna,

. a D.C. power SOurce, and _
Y power switching means coupled to said wideband
transmitting antenna and said power source having a
control input responsive to a said modulated output for
abruptly switching between the states of power applied
to said wideband antenna and not being applied to said
wideband antenna, whereby discrete switched pulses are
transmitted as transmitted signals;

a radio receiver comprising:

receiving means comprising a wideband antenna
for receiving transmissions from said transmitting
antenna and for providing received signals,

signal generating means responsive to a control
signal for generating, repetitively, template signals of
a polarity configuration generally dorfesponding in time
- polarity pattern to that of said transmitted signals
and in time of occurrence with received of said
transmitted signals; and

signal timing means responsive to said received
signals and said témplate signals for generating said
control signal; and |

signal means responsive to the control signal or
to the product signals derived from a multiplying means
responsive to said template signals and said receive
signals for reproducing said intelligence signals.
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~signals and said tenplate signals for generating said éonfibl'sighalf and
si gnal means responsive to the control signal or to the product signals
derived froma multiplying neans responsive to said tenplate signals and
said receive signals for reproducing said intelligence signals. -4- |t
IS to be noted that the term "pul se" as used herein refers to signals of
the category described in the preceding sentence. It is significant thg#’
the applicant has recognized and has ac¢dmpli shed. denpdul ati on of inpul Se
signals having rise tines on the order of a nanosecond and wherein

nmodul ati on and denodul ati on involves shifts in the position of such
transitions on the order of [err]200 picoseconds. In one node,

mul tiplication of tHA& u@mﬁquheennt¢®cﬁma§dtbegharmu§p@ﬂse8t@§tusqﬁmance

detection by ha%%s'fwféf@ e8! adlgndilsy Of the '@palgdYy Bekebibeacription
of the Drawin s I, a conbi-nation bl ock-schema |c diagramof a tine

domai n transm egegddng) geptence schenati ¢ di agranms of alternate forns
of the output stage for the transmtter shown in Fig. 1. Fig. 2 is a
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recognlzed and has accompllshed demodulatxon of impulse
signals hav1ng rise times on the order of a nanosecond
and wherein modulation and demodﬁlation_involves shifts
in the position of such transitions on the order of +200
picoseconds. In one mode, multiplication of the QJ
template and recelved s1gna1 is effected to enhance
.detectlon by 1ncrea51ng the select1V1ty of the receiver.

 Brief Description of_the Drawings

| ~Fig. 1 is a combination block-schematic diagram
of a time domain transmitter.

'Figs. la-1c are schematic diégrams of alternate
forms of the output stage for the transmitter shown in
Fig. 1. '

'Fig. 2 is a combination bidck¥schematic diagram
of a time domain receiver as contemplated by this
invention.

Fig. 3 is a set of electrical waveforms
illustrative of aspects of the circuitry shown in Fig.
10'



Fig. 3 i
the circui
alternate
illustrati

s a set of electrical waveforns illustrative of aspect s of *

try showmn in Fig. 1. -5- Fig. 4 is a block diagram of an

to the radio receiver. Fig. 5is a set of electrical waveforns

ng aspects of operation of the circuitry shown in Fig. 4.

Det ai | ed Description of the Drawings Referring to’ Fig. 1, and

initially

ostil | at or
a pul se si

to transmtter 10, a base frequency of 100 KHz is generated by
12, typically being a crystal controlled oscillator. Its output,

gnal, is applied to divide-bygd divider 14 to provide at

output a 25 KHz, 0-5 volt, pulse signal shown in waveform A of Fig.
phabetic references to waveforns will sinply identify them by

er identyiy. andiwi bl petkf dihgeam' efchnt a1tkenbitaui® ta ch will
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supplies a 300-volt D.C. bias on a non-interferring basis for the output

25 KHe output is enployed as a general transnission signal
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in Fig. 4.
Detailed Description of the Drawings

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
divide-by-4 divider 14 to provide at its output a 25
KHz, 0-5 volt, puise signal shoﬁn in wvaveform A of Figqg.
4. Further alphabetic references to waveforms will
simply identify them by their letter identity and will
not further refer to the figure, which will be Fig. 4.
The 25 KHz output is employed as a general transmission
signal and as an input to power supply 16. The latter
is regulated, one which supplies a 300-volt D.C. bias on
a non-interferring basis for the output stage 18 of
transmitter 10, which is also keyed at the 25 KHz rate.

The output of divide-by-four divider 14 is
employed as a signal base and as such is supplied
through capacitor 20 to pulse position 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

The



Pul se position nodul ator 22 includes in its input an RC CIPCUI% coh5|st|ng
of resistor 24 and capacitor 26 which convert the square wave input to an
approxi mately triangul ar wave as shown in waveformB, it being applied
across resistor 25 to the non-inverting input of conparator 28. A selected

or reference positive voltage, filtered by capacitor 27, is also applied to

the non-inverting input of conparator 78" it being supplied from +¢
volt termnal 29 of D.C. bias supply 30 through resistor 32. Accordingly,
for exanpl e, r ctyal nver Ln i_nput_a
triangul ar mgéggblase%hggaarg?pgéy Ve y ds FP eﬁpB v@#%9ﬁ§3 The

actual conduresdstioav@s & mmmumgﬂm 0 comparatmut2ssi gnal
supplied thrgu t or, elo ting
pp ﬁ %%J@é% o Here R]oéﬁﬁh% vo %h £1188rel M

I nput of conpar at, | ase supp y rodgh resits and
acr oss re5|sFBPa§2t°rTR€rcdﬁbF4§@ ﬁﬂ@%& ﬁﬁUthﬁaﬁ?ﬁ??ﬂ“ﬂﬁiﬂﬂ?ﬂ#ﬂPqﬁ1
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gener at or BBPﬂéaﬁévﬁﬂUVP@b141N§¢5ﬁ$3§ &W waveform C.

The actual conduction level of comparator 28 is
determined by an input signal supplied through capacitor
36, across resistor 37, to the  inverting input of
comparatof 28, as biased from supply 30 through resistor
38 and across résistor 32. The combined 's'ignal input
bias is illustrated in waveform D. Signal input may be
simply the sum of the audio output of microphone 34, 6
amplified, if needed, by amplifier 35 and a signal
offset or dither voltage, for examplé provided by the
output of signal generator 33, signals being summed
across resistor 41. Signal generator 33 may, for
example, provide .a . binary, or other signal,. and as
illustratéd, it is labeled as providing a "binary signal

‘A." Thus, generator 33 would provide a binary signal \J
voltage as a sequence of discrete voltage pulses varying
between zero voltage and some discrete voltage, which
may be representative of letters or numerical values or
simply a random one. By virture of the thus described
input combination, the output of comparator 28 would
rise to a positive saturation level when triangular wave
signal 40



vol tage as a sequence.of discrete voltage pul ses varyi ng bet ween zer o
vol tage and sone discrete voltage, which nay be representative of letters

or nu

merical values or sinply a randomone. By virture of the thus

descr+ bed i nput conbination,..the output of conparator 28 would rise to a

posit

i ve saturation |evel when triangular wave signal 40 (wavef or

mE) is

of \& hi gher value than the effective nodul ation signal 42 and drop to a

negat

ive saturation | evel when nodul ation signal 42 is of a greater

than the triangul ar wave signal 40_,The output signal of conparator

shown
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time positions to be included to a transmitfed signal, thus.

reguiring that to receive and demodulate it, the dither signai be
accurafely reproduéed.' |

With respect to the output signal of comﬁarator 28, we are
interested in emplofing a negative going or trailing =dge 44 of
it, and it is to be noted'thdt'this trailling edge will vary.in its
time pqsition as a function of the slgndi hodulation., This
trailing edge of the wavoform. in waveform ¥, ffiggers "on" mong,
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 waveforns are properly aligned, pulse
widths and spacings (as indicated"by break lines, spacings are 40
microseconds) are not related in scale. Thus, the lJeading edge of
pulse waveform G corresponds in time to the trailing edge 44
{(waveform F) and ite time position within an average time between

pulses of waveform G 1is varied as a function of the input



trailing edges of related waveforns are properly aligned, pulse w dths and
spacings (as indicated by break |ines, spacings are 40 m croseconds) are
not related-in scale. Thus, the |eading edge of pul se waveform G
corresponds intime to the trailing edge 44 (waveformF) and its tine
position within an average tine between pul ses of waveform-G.is varied as -a
function of the input nodul ati on %gnal to conparator 28. The output of
nono 46 is applied through di ode 48 ross resistor 50 to the base input of

NPN t r 208 ated, | ring anplifier. It is
convent | onlz*ﬁ/mgi%ég‘ggit%?%‘gﬁp?%%s{ds!?%?'m, e.g., 1.5K ohnms, from+5 volt

termnal 2%mé dutvpht oo\WRondl e M eStagifl 1dd CFdwgh Od1odapasi hekose havi ng
an approxi mate capacitance of 0.1 nf is connected between the collector and
groundresiskanst@ it the basenipputi of | NBN rangieten |53 onanakad &% &ss t he

t ransi r f its brl t ur n- i pterval ., 50. nanpseconds. The. out put of
trans!gftg?g%gif‘g ¢ *'géiﬁ'é’t \/\/@Z’Et i ?5 e?ﬁ??%?gﬁ?lﬁ‘gigu%g“t”@q hghﬁﬂu ry 58
of trigggietbp 640 k., 0060 UNAsONEF &N, +8 VI Helt'm fita b &f Cvolt
transformer 60 via an aval anche transistor connected in a commbn em tter
confi gnowteirorswpply @@ |est dtsl @aaill Teetoror. Capaetitort 6 6dhareihgansi or ner

60 wth a steep wave front, an aval anche node operated transistor is ideal.
| dent | BRPTeEABATE \copagikance2 o P4 BE the ggerneriind: Refreed farately
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transistors 6 ~Fof” power “out’p / ough’ t'wo™ ar € “shown,
one Or pgekfitiadNtb ' WpPBXr DEc LB OtiSs! VMie FPESP o 1te) beA'él @drnWidh

aval anche node operated translators 66 and 68, it has . -;;J
interval, 60 nanoseconds. The output of transistor 52 is coupled
between its emltter and ground to-thé-pélnary 88 of trigger
transformer 60. Aﬁditionaily. transistor 82 may drive transformer
60 via an avalanche tz-ansietor con.nacted in a common emitter
configuration vlaﬂa.collpetor load resistor. In order to drive
transformer 60 with a steep wave front, an avalanche mode Operated
transistor is ideal. _Idenfical secondary windings 62 and 64 of
trigger tranatbrmei 80 aeparateiy uupply_b;g»fémitter inputs to
NPN avalanche,'gr avalénche mode qperatqd, trqnsistpra 66 and 68
of power output stage 18. Although two are shown, one or moré
than two may be employed when appropriately coupled.
ﬁlth avalanche mode operated tranqiatoro 66 and 68, it has
beean touﬁd that such mode ie possible ffom_a'number of types of
trans;stors ﬁot othe:wise labeled as providing it; such as a
2N2222, pa;ticular]y_thoae 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



been found that such node is possible froma nunmber of *typ€s *of N
transi stors not otherw se | abeled as providing it, such as a 2N2222,
particularly those with a netal can. The aval anche node referred to is
sonetinmes referred to as a second breakdown node, .and when transistors are

operated in this node and are triggered -9- "on," their resistance
rapldl y goes quite low (internally at near the speed of light), and they
will stay at this state until colleCtor current drops sufficiently to cut

of f conduction (at a few microanperes). Certain other transistors, such as
a type 2N4401, also display reliable aval anche characteristics. As shown,

col | ect orvaiii*t kRe15i FEslidtanel FUPIdTANRes! Quitd fo OINReLRA1IY S€ &Y and
col l ector bias of +300 volts | applied to themfrom power. supply 16,

across fikher spapdciotforl izthtlandndrthreph will seday 74t ghiac sgage7®mnsfil
paral |l el copnpected delay_lines DL. Wi le three sectigns b rr],are, shown,
typi cal | yc?fg%ct["d' tcé"ﬁ'rﬁéﬁl qree e?ﬁﬁf&éanﬁb ng%e%'ﬁtdrvot{]cf" ?38%1&%" {4 ®esired
vavef or m réhem 1886 dibexW . UBkeUalh b¥REr REPEn 608K, AR astii]

bei ng approximately three inches (7.5 cns) in length as required to totally

ef fect an2lfpPaxi mdes \WispiayoReIAPlsu| axalonche wharacte rgdetiicese iAfut
potent | al (LG 1 &S] AL, T4l S GOUIEELPEL (6 108 ERleGlnetOPL! Qntl paeh Of
the del ay "'t nes, “HEid % Re out er  conductors are connected to groana. . Resi st or

74 is on aheserdes, Oan80Ko DIEBtoN Chises alf UHond viod tal hevapp Ciéd evd themwv
t hrough transistors 66 and 68 of about 0.2 MA which is a zener current
whi ch pl al&8™Poven Anprdiyod$.i acKorBaf 1iker - crpaghiong?3¢ AR thxowgh peen

(ornd ! Ak edidRbr' 2hSe50KE it 76" BF pAPRTISE Uchildded ReradlhRbe' Br."
‘While three sactions 84-S3 are shown, typically five to ten would
be employed ae necéaeary to produge the desired waveform. They
may be constructod'ﬁt tybe RG58 coaxial cabie. and each being
approximately three inches (7.5 cms) in length as required to totally effect
an approximately 1 nanosecond pulse., As shown, the positive inpat
potential from roéietor 74 is conne#ted to th; center conductor of
each of the delay lines, and the outer conductors are connected to
ground. Resistor 74 1& on the order of 50K ohms and is adjusted
to allow a current flow fhrough transistors 66 and 68 of about 0.2
MA which is a zener current which places both transistors in a

\v) near selt-tridgering otaté. It has been found that under this
condition, the transistore will self-adjust to an avalenche
voltage which may be different for the two. Normally, resistor 74
will still be of value which will enable charging of the delay
lines DL betneenﬁpulses. Delay linee DL are charged to 300 volts
bias during the period when transistors 66 and 68 are turned off,

- between input pulses. When the inpute to transistors 66 and 68



“vol tage which may be ‘different for the two. Normally, resistor 74 will

still be of value whiich will enable charging of the delay |ines DL between
pul ses. Delay lines DL are charged to 300 volts bias during the period when
frangistors 66 and 68 are turned of f, * between input pul ses. Wen the

I nputs to t.ransistors 66 and 68 are triggered "on" by a triggering pul se
they begin to conduct within 0.5 nanoseconds or |ess, and by virtue of thef
| ow vol tage drop across them (when rated in an aval anche node as they
are), about 120 volts appears as a ggfse across output resistor 78, e.g.,

50 ohns. Significantly, the turn-on or leading edge of this pulse is

ef fectgd, b e_trigger, ulse applied to the inputs of trapsisto 6 and

68, andp? ¥r§$§9r°ﬂg %ﬁge Hi®t ib?ﬁﬁtﬁﬁ %f%% 'ﬁe?%?%?neﬁ ﬁ%2§V§§by t he
di schaggenihns, @%ﬂﬂ&\eddwsr%esﬁhﬁ&"ﬁy tvqm.que thanilohyvsileage of

| ength and characteristic inpedance of the delay lines, a well-shaped, very

short qeomsacrosst thenr (ehewfopenuteds dnoanl swal anche aopea&sptimy afe),
approximately 300 watts, is generated.. Followi ng turn-off, delay |lines DL
are re%h%?ﬁeéz?hYBGQH F?QPQFGr‘H4§Mﬂqiﬁ9t§ﬁ¥Qﬂ?lQ&ﬁp%ﬁ reeinsor #Birggeri ng
pul se; o hRg . apparent, . pover stage 18 is extrenely sinple and is
constru"éd of qU|te I nexpensive circult elenents. For exanple, transistors

66 and 68 (dfgn PAPIRRtPF P tHie Durd-orv3 h8alengl edgé ¢ 11 pRNGE NBL €l Y
$0. 12. The out put of power output stage 18 appears across resistor 78 and

i s suppffestahbyughectuigaer qatliee 8ppited %9 ikheddnprte sobirandlisitors. 82
:‘molr(r:nh glﬁ%éﬁ ?‘é nmpl O?’Edtdtﬁll ?ffl >&1ansel %taedof' Qﬂﬁt ure p‘&h u(iutgpus 535 @ v
determined mostly hy the diachargq time of delay lines DL. Ry
this technique;'and by chpice 6! lengt# and characteristic
impedance of th§ delaf_iinéé, a well-shapedklvery short pulse, on
the order of 1 hanosecdnd and with a peak poﬂéf of approximately
300 watts, is gen'era-tﬁd. Following turn-off, delay 11n§s DL, are
recharged through rkpistor 74 before the arrival ét the next
triggering puiee; As wiil,be apparent,ipower stage 18 1is
extremeiy simple.and_is constructed of qu1t§ inexpensive circuit
elements. For example, transistors 66 and 68 (if 2N2222 are ueed)"
are avallable at a cost df approximately 80.12.

The output of power output stage 18 appears acrose resistor o/
78 and is supplied through coaxial cable 80 to a tine domain
shaping filter A2 which would be employed ¢to affix a selected
signature to the output as a form of encoding or recognition
signal. Alternately, filter 82 may bhe omitted~where such security
measures are not deemed necessary; and, as 1ndicat1ve of this, a
bypass line 84 1nciud1ng a switch 86 diagrammatically 111u§trates

_euch omission.



" signal. A

ternately, filter 82 may be omitted where such seculity- neasures
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are not deemed necessary; and, as indicative of this, a bypass |ine 84
including a switch 86 diagrammatically illustrates such omi ssi on.
The signal output of filter 82, or directly the output of power stage 18,

i s supplied through coaxial

ar\e)sonant

cable 88 to discone antenna 90, which is an

or other broadband antenna. This type of antenna

relatively uniformy radiates all signals of a frequency above its
frequency, which is a function of sizeTl}or exanple, signals above

approxi mately 50 Mﬁefeigﬁalebatpuel wesHEllteiniga, oF aiYe8¥EP!t thant enna 90
radi ates a v¥|_FP SE?ctrum Si gﬁ éwg\r; exanple b aestgg?v%] the ti domai n
in wavef or™ gPe af ot SHPRS t 98¥iBke shapi ng

cut - of f

ef fects ofcdble 88 880 discome, ambennac9a) whieht isoant aresenpnnserof

di scone a éﬂ%? a i tes a er angde si d out put
st age. L ustrg’gtogggagdconél%@éﬂ%t ennan?gj(% Egggbrggakdba bgnna
char ged bw%lthyeboumnfmmrm@hatesu aldbrsignaiadogoat 5raquenQYa| |

vol tage whindid s jiche sup-8kst flerédi?é

as di scussed above. Resistors andﬁ%é et her e a resistance
sizew| £orr S¥aNIR s Ggﬁﬁ&%@l{ eaBP£9§ mated¥s §9 p¥HZabove.

which w |

Resi st or s fidr addrélativedy Hadll MMit) owinalangy anderit e Aftenhn®dodo

radiates a wide spectrum signal, an example being shown
in the time domain in waveform H of Fig. 3, this
waveform being the composite of the shaping effects of
filter 82, if used, and, to 'an extent, of the response
of discone antenna 90. '

- Fig. 1a illustrates an alternate and simplified
output stage. As illustrated, biconical antenna 200, as
a broadband antenna, is charged by a D.C. 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 and also to prevent ringing. 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,
biconical antenna elements 204 and 206 (Fig. 1la). This
action occurs extremely fast, with the result that a
signal is generated generally as shown in waveform H.
It is transmitted as described

he w0 s0fa t EARAIGH 9080 and 68

val ue

>



7}eCeive-energy bel ow the frequency of cut-off of fhe®antenna and*al so to

prevent ringing. In operation, when a pulse is applied to the primary 58 of
pul se transforner 60, transistors 66 and 68 are turned on, effectively
shorting, through resistors 71 and 73, biconical antenna el ements 204 and
206 (Fig. la). This action occurs extrenely fast, with the result that a _
signal is generated generally as shown in waveformH It is transmtted aseg

descri bed - 12 - above for the transmitter output systemshown in Fig.
1. . Fig. Ibillustrates an alternate enbodi nent of a transmtter out put
stage. It varies significantly fromthe one shown in.-Fig. la in that it
enpl oys a |ight responsive avalanche transistor 63, e.g., a 2N3033.

Simlar conponents are designated wth=l1&e-nunerical designations to that

by laser i o reet" tle EaRbLfor CovBliE loys eAIEROIAT 1A PLS, 17 90%7 o

driven by avalanche transistor 52 generally operated as shown in Fig.
1. By enployment of pig| ol deluxeistedVahaatbérnate!t Epbod¥AbALCEE gode

operated, SemEonducl oL Sehence. GRoU.Cr Sl 1 e SO0 PPERLING) cora

source 65 naytle enevatlsoln ntim tPbgulai -in | thatt itangaplopss eenpbghtg a

pover output EoSSIRERLY £5aldibngs defidfitkor '63,! Ne3glS5PEC N335,
Similar components are designated with 1like numerical
designations to that shown in Fig. 1a but with the _
suffix va" added. Transistor 63 is triggered by laser (W
diode or fast turn-on LED (light emitting diode) 61, in
turn driven by avalanche transistor 52 generally
operated as shown in Fig. 1. By employment of a light
activated avalanche 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 65 may be elevated into the
multi-kilovolt range, thus enabling a power output
essentially as high as desired. In this respect, a
light triggered, gallium arsenide, avalanche mode
operated switch would preferably be employed.

Fig. 1lc illustrates two alternate features with
respect to the output stage shown in Fig. 1. Thus,
instead of delay line DL, there is substituted a small
capacitor 89, e.g., 30-100 picofarad, which would
initially provide a stored collector powér_bias input to
transistors 66 and 68 and would discharge through_them.
Its use enables an extremely short rise time from this
stage.

Additionally, a delay line 91 is employed in
place of emitter-resistor 78. 1Its role is to pull down
to zero the transmitter output sharply following the
turn-on of the '



light triggered, gallium arsenide, avalanche nobde operafed switch *
woul d preferably be enployed. Fig. 1c illustrates two alternate features
with respect to the output stage shown in Fig. 1. Thus, instead of del ay
line DL, there is substituted a small capacitor 89, e.g., 30-100 picofarad,
whj ch woul d initially provide a stored collector pover bias input to
tmgn5|stors 66 and 68 and woul d di scharge through them Its use enables an
exirenely short rise tine fromthis stage. Additionally, a delay line 91 is
enpl oyed in place of emitter-resistor 783<Its role is to pull down to zero
the transmtter output sharply foll owi ng the turn-on of the -13-.
transi storgs. tur it presents,.the nor racter| stic
i npedance b¥a ?ﬁ%sg gy | i gr1$9b| urpyon; ¢ iﬁbupﬁeﬁﬁggﬁos the same
character |dtaractenﬂati:e dupedanoe sof othe Ima]&y 1lines, mypi‘aaullq be

mat ched tog¢ nmogi h Iy at t he
‘end of the Fi s‘?a?'l % %E'e e§1 8 lgé? %ﬁm%ﬁ%re?%\ﬁ\egssentlally
a zero i npbupedancer aghc#xansmasmmmuﬂéne @rﬂ} thﬁ’buﬁbrum | youldndieng t o

zero the %’é‘@éﬁe&mﬂd)"‘ﬁ?g ditf WovdaC pé N ! EAB8Eh! ¥ardmissidiel & | Ng back

to Fig. 1, the output of discone antenna 90, or bicone antennas 204 and 206
(Fig. |a),poeer. waever, at the end of the rise time of the

'signal, delay line 91 would present essentially a zero
impedance, or short, to the output and thus abruptly
bringing to zero the output following the rise of the
Y transmitter stage. |

Referring back to Fig. 1, the output of discone
antenna 90, or bicone antennas 204 and 206 (Fig. la), is
typically transmitted over a discrete space and would
typically be received by a broadband antenna, e.gqg.,
bicone antenna 115 of a receiver at a second location
(Fig. 2). Although transmission effects may distort the
waveform some, for purposes of illustration, it will be
assumed that the waveform received will be a replica of
waveform H. The received signal is received by antenna
115 and is amplifiedzby broadband amplifier 94, having a

_ broadband frequency response over the range of the
N\ transmitted signal. '



'fypically transmtted over a discrete space and mould-t@pi@ﬁlry be*relei ved
by a broadband antenna, e.g., bicone antenna 115 of a receiver at a second
| ocation (Fig. 2). Al though transm ssion effects may distort the waveform

" sone, for purposes of illustration, it will be assumed that the waveform
received will be a replica of waveform H. The recei ved signal is received -
by antenna 115 and is anplified by broadbadd “anplifier 94, having a - )

broadband frequency response over the range of the transnmitted signal.
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111 .i.s the forn1 a.doubl ¢ bal,an ul at qQr,
and it multip |e8nﬁﬁe aﬂ&xﬁx Hut" of %rggﬁ%aﬂg ﬁnﬂPPgﬁgrggi §
replica of thmodnéntmrbtednélgﬂalm@Itng&ESQQﬂEHaamplbﬁiednpou&pugennﬁalor

119 (or 234) wbbalpARY 'éi\ﬁ:ﬁriﬁlréi:t %@“bgvﬁ' dd OrEf;Qrt%%gnsﬁuQ?;ﬁﬁ' ve

network as desired | eve el ect wave
i |l ustrated §Ptg%§\}ef(6“r31§ 3H) gengratad by ctemplake kgﬁﬁ?ratﬂé'oﬂ-éér dox an

open delay bBag amiensmage mbw?bﬁa&e Qh h&r&ll&h&her %raﬁ@,l%t%%i%had adel ay
line in an enitter-circuit t'he out r 111

e not of m X
provides its B&#P &tevoﬂﬁﬁﬂgqﬁ)IQﬁN ?E?#?&%é?°ll?°hlgﬁﬁacPt Felested
resistor 131 fvanetfoarm,assachovxasasﬁlmsttetedo mnwa)}eﬁﬂi& 134, Wmmle s an

o obuie £ o RSB LNE T nebBsekenf BcoBrolft, ST et A" 1457
across the transistor or transistors and a shorted delay
line in an em1tter-c1rcu1t_ As w11l_be noted, the output
of mixer 111 provides its output voltage to low pass
filter 117. Capacitor 129 and resistor 131 function as
a low pass filter to control VCO 127, which is an
oscillator ~which can be varied by a very small
percentage (e.qg.’ 0 0001% to 0. 01%) by voltage control to
‘effect a phase lock loop.

Fig.' 4 illustrates a radio receiver which is

) particularly adapted to receive and detect a time domaln
transmitted s1gna1. In addltion,; 1t particularly
illustrates a system for detecting intelligence which
has been mixed w1th a particular offset or dither
signal, analog or digital such as prov1d1ng by binary
sequence "A" generator 33 shown in Fig. 1. It will thus g_;
be presumed for purposes of description that switch 39
of Fig. 1 is closed and that the signal transmitted by
transmitter 10 is one wherein intelligence signals from
microphone 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 puise
position is a function of both intelligence and offset
or dither signals. Thus, the transmitted sidnal may be
described as a pulse position modulated signal subjected
to changes in pulse position as effected by a time



Fig. 4 illustrates a radio receiver which is particularly-adapted to =+
receive and detect a tine domain transmtted - signal. In addition, it
particularly illustrates a systemfor detecting intelligence which has '
been m xed with a particular offset or dither signal, analog or
digital, such as providing by binary sequence "A" generator 33 shown in
Fmg 1. It will thus be presuned for purposes of description that switch
39 of Fig. 1 is closed and that the signal transmitted by transmtter 10 is
one wherein intelligence signals from ml&rophone 34 are summed with the

out put Ofoﬁfééty?éﬁﬂéfﬂcsf" theUpifb#yOkeddenaed*aPys that the pulse
position output of transmitter 10 is Oone wherein pulse positionis a

function of both intelligence and offset or dither signals. Thus, the
transmitted signal Thay ﬁnnhﬁwﬁéwdsagnalpmm pti‘hhisﬁﬁ.ﬂl‘.&d‘mmedsii gnal

bj ect ed t b t .15- of fset
bartorn ot SR IaRy oebeABeRd; Ancihi¥, B tilar Y 05 4t 8 o B st 1 ¢ or
10 i s recesigmady bsoafiedndtant bwaa 2261¢F|91r¢y1tamd tleimoduilghdlon s fed to
two basi C &if&hi{S 229y el %ﬁérﬁuhh Zﬁgra?%ﬁe”piﬁt %c%%%%%‘ 224.

I'n accordance w th this Invent a rep I ca o transmtte S|gnal
wavef or m (Wit g this jinventioned t8 erepdicact Fti Sheof trpaspdiiede

signal, basignale} eq&am&&nm aqeagR! i 3h¢d i8 rangicyedr t¥ @it yl ng

m xer 226 detection of the received signal, bas1c detection being
accomplished in multiplier or multiplying mixer 226.

KV/ For maximum response, the template signal, reproduced as
waveform T; in Fig. 5, must be applied to mixer 226
closely in phase with the input, as will be further
described. It will differ by a magnitude not
perceptible in the waveforms of Fig. 5 as a function of
modulation, effecting swings of approximately +200
picoseconds, typically for a 1 nanosecond i:ulse. To
accomplish such near synchronization, template generator
224 employs a crystal controlled but voltage controlled
oscillator 227 which is operated by a control voltage
which synchronizes its operation in terms of the

received signal.

Y Oscillator 227 operates at a frequency which is
substantially higher than the repetition rate of
transmitter 10, and here it's output is divided down to
the operating 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



“For maxi mum response, the tenplate signal, reproduced as waveform[err] .in
Fig. 5, nust be applied to m xer 226 closely in phase with the input, as
will be further described. It wll differ by a nmagnitude not
‘perceptible in the wavefornms of Fig. 5 as a function of nodul ation,

eéf fecting swings of approximately 200 picoseconds, typically for a 1 "
nanosecond pul se. To acconplish such near synchr.onization, tenplate ~
generator 224 enploys a crystal controlled but vbltage controlled '
oscillator 227 which is operated by a control voltage which synchronizes
its operation in terns of the receivqﬁ@signal. Oscill ator 227 operates at a
frequency which is substantially higifer than the repetition rate of

transnthh&r vfAddN e bindrQUiddfuésiicei viadeGediw¥at ort 38,00 R iced
frequency of 25 KHz by frequency divider 230, thus equal to the output of
di vi degeddrator raass mricvddes0a binavydehanging i veltadiec cto pragxiamerableof

dither corresponding to that provi ded by binary sequence "A"' generator
33, a fiekavgehErutd 232gwhich arRliep; ﬁ%r?‘%ﬁ%ﬁﬁﬁ%g et Sjﬁggﬁr’ammbl e

pat 1 or 2286, dnBRE pULEPRLA Sonbnd fty S a Mol b e B W BRI, o
33 of beguehcehenragenrératornssl birgpage m)dﬁbat ha’u'szh'281niOHJQ§&g%|ee, this
m ght be four 8-bit binary_mords.standin? for the nuheraki_4, 2, 6, and 8,

t he samedudmtdon. Thus, for example, this might be four 8-bit binary
words étanding fpt the numerals 4, 2, 6, @hd 8, thelﬁame paftern-
havinq.been generatéd by binary sequenc§ "A" generator 33 aud
transmitted b? transmitter 10. It is further assumed that this is
a repeating binary pittefn. Thus, programmable'delay 232 will
first delay a pulse it receives fron dividernzao Sy four units.
Next, the saﬁe thing'would be dqn; for tﬁe-nume;al 2:and S0 on
until the four numeral quugnce hac-been_comp]eted, Then, the
sequence would staréIQVQr. In order for the two binary sequence
ggnerators'to be operated in synchrdnizatiéﬂ; either the start-up
time of fhe sequence must be communicated to the receiver, or elas
signal sampling would_be'rqr a cuftieienf nunbef 6: signai input
pulses to eotablish J}nchronizatlon by obefation of the
synchronization system, as will be described.:'Whiie a repeatable \'i
sequence is suggested, it.need not be such so long as there is
synchronization between the two generators, és by transmission of
a sequence start signal and the provisiop in the receive: of means
for detecting abd employing 1it.

Fither programmable delay 232 or a second delay device

connected to its output would additionallv provide a general

circuit delay to take care of circuit delays which aré irherent in
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havi ng been generated by binary sequence "A! generator 33 ant‘transmifted s o
by transmtter 10. It is further assuned that this is a repeating binary
pattern. Thus, progranmable delay 232 will first delay a pulse it receives
fromdivider 230 by four units. Next, the same thing would be done for the
numeral 2 and so on until the four nunmeral sequence has been conpl et ed. .
Tan, t he sequence would start over. |In order for.the two binary sequence
generators to be operated in synchronization, either the start- up tine of

t he sequence nust be comunicated to- thé7rece|ver or else signal sanpling

woul d be fﬂiearéﬂéféa' eifciy eri:hS’wﬁﬂéh 'J.'&pﬁts Bbbiﬁ%édo - %B.llsr‘
synchronlzgtl operation CF atiqn system as wWll be
descri bed. Vﬁ??@¥§ g@pea@&bﬁﬁyséﬁﬁg cet §¥EL U tn@@ddﬁﬂﬁﬁbe such
so | ong as23®grwhiiehsyiscly oumpdsite tmtvﬂwsd éhewi!\D benpiravided o by
transm ssi e cei ver
of neans f‘glrgedgpgg ?%earﬁ%n% y§% ?%tgg ?gr’ I%ogramrgﬁl (%dt&gﬁ:gfezw or a
second. det'ay QenEteteonnectmpltmatsof)utme wevansmdttedonsilgnadr,ovi de a
general ci{ dgg{;éa t Pt car§ s Ciaidfiordf! qu \A/ﬁllglfe?.reg%g Q{}er ent in
ate . t as. W
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In any eved@Plifitene|3dkd gﬁﬁkﬁﬁ M ipps  tAi ProvidecopdsiGe of
tgeste dWIt | YoPeagéodbdadedad o :cawy ?i é@ﬁﬁctatiéoﬂeaﬁramarf%&tgrmddl_t I's
adapt e ner a re ca_o e tr e | rated in
Fla o as VAVERGLIRERF] 220 APcHind: SPaRiel EReEF 380B8.browidie 3t ons <o
provi de a miker 226 replica signal T, exactly in phase with the
W average time of :m_put s1gna_1 Ep.. :

In order to generate the nearest lsignal, - the
input signal E, is multiplied by two spaced, in time, -
replicas of the template signal output of template
generator 234. The first of these, indicated as Ty, is
multiplied in mixer 236 by input signal E, and a second
template signal T, is multiplied by the input signal E,
in mixer 238. As will be noted in Fig. 5, T, is delayed
from signal T, by delay 240 by a period of essentially .
one-half of the duration of the major lobe P of template
signal T,;. '

[ The output of mixer 236 is integrated in
integrator 242, and its output is sampled and held by
sample and hold unit 244 as triggered by delay 232. The
output of sainplé and hold unit 244, the integral of the
product of the input signal Ep, and Ip;, is applied to
the non-inverting input of differential amplifier 24s6.
Similarly, the output of mixer 238 is integrated by
~ integrator 248 and sampled and held by sample and hold
250 as triggered by del_ay' 232, and the integrated
product of the input signal E’A and



vol tage as needed to apply a correction or error signal to oscillator 227

. as wll enable there to be provided to m xer 226 replica signal [err]

+ ~exactly, in phase with the average tine of input signal EA In order to
generate the nearest signal, the input signal EA is nultiplied by two
spaced, in tinme, replicas of the tenplate signal output of tenplate N
generator 234. The first of these, indicated as Tl, is nmultiplied in m Xerys#
236 by input signal EA and a second tenplate signal T2 is nultiplied by the
i nput signal EA in mixer 238. As mﬁlll%g.noted in Fig. 5 [err] is delayed
fromsignal [err] by delay-240 by a period of essentially one-half of the
duration témipiatej etdmdE B Of 1seEppl tedi grml ther rinvékre imyt prputdiof
mxer 236 is integrated in integrator 242, and its output is sanpled

and hel d @i Eergntdad,@mplifien 24544 as triggered by delay 232. The out put

Sl gnal Lorr] At qatine s speesCiGHiqt SlrteioBt fRkiorRaarise 20E. 1

di fferenty aqn! 4 £ + SbMihar ol & ' L ¥e '
integrateﬁ§,§ Fﬁt%é?g?o§ﬁ§ﬁ8§gg%hga%% %ﬁ gﬁd %PﬁﬁB§a§gﬁg|%°§§glh§P5 3%0 as
triggeﬁuhﬁwnﬂalanvaﬁéqxﬂuhdﬁ&aéntfgaaheéipuybuaewftéhaiwuyﬂzéagaahxa

[err] and  tenplate signal [err] T's applied to the inverting input of
di fferentbatoawlcloeer24m fhaeraniated t thedpemtoducsf whdldr dmdxéase,
anplifierrgigit;;g in an 1nc:ease in input signal to the non-inverting
input of differential amplifier 246, whereas the advance effect on
template signal T, relativé to .th.o 1npuf bional By wduld bé such
- that their coincidence would decrease, causing a decrease in the
'product output of mixer 238 and therefore a decreased voltage
input to the inverting input of differentjal amplifier 246. A= a
result, the output of differential amplifier 246 would be driven
in a positive ditqctioﬁ. and this pélarity oignal_wpuld be such as
to cause oecilihtor 22? to retird. If the change were in fhe
opposite dircction.'the resuit would ba'@uch thgt highef'vbltages
would be applied to'the 1hvért1ng 1nput'fhan to the non-inverting
inpﬁt of diftferential amﬁlifier 246, causing the output signal to
decrease and to'dyive oecillator 227 in an.opposite.direction. In \af
this manner, the near averdge phase lock is effected between the
input signal E, and template signal Ta thch is directly
employedin fhe modulation of the input signal; The term “near® is
used in that the output of differential ampiifier 246 is passed
through low pass filter 253 before being applied fﬁfthé control
input of oscillator 227. The cut-off frequency. of ioW pass filter

253 1s set such that it will take a fairly large_number of pulses



will be noted that if the phase of the output of OSCI||atOr 22 should
advance, signals [err] and [err] applied to m xer 236 woul d becone cl oser
~in phase, and their product would increase, resulting in an increase in
i nput signal to the non-inverting input of differential anplifier 246,
whereas the advance effect on tenplate signal T2 relative to the input :
signal [err] would be such that their coincidence, woul d decrease, causing a- .-:
‘decrease in the product output of m xer 238 and thérefore a decreased
voltag€e input to the inverting input of differential anplifier 246. As a
result, the output of differential anplifier 246 would be driven in a
positive direction, and this polarity signal would be such as to cause
oscillator 227 to retard. |If the change were in t-he opposite direction,
the result woul d be such that highegayoltages woul d be-applied fo the
i nverting input than to the non |nvé6¥1ng input of differential anplifier

246, cauyg mlg%ﬁhe oyt ut si gn to decrease and to drive oscillator 227 in
an opposiq & er"etctq ‘tg% derfnnet® ’i?lé’erfé%ﬁp%\ﬁé?'&%et?)l?ageil Bzl sAs

effecte ignal n | re |ch |s
di rectlglaerrp oyédl El'bt eg#%auf’af’?oﬁlsg % gmidn%ﬁmg gna Q;?,Hg E‘% FﬁL \PA{E

used in dhaju WHIRH! cRfesls kS5 FSImIT AR thih wéetSriIBSAS b AUAD | ow
pass filter 253 before being applied tolhe control | nput of® osci | | at or

227. Thevawtamfef ihr pasttibon ¥ i tloweppeetl tot Roddiadtion sfifedtCh Whah thisi | |
take a fairly |arge nunber of pul ses 19. to effect phase shift (e.g., 10
to per habdnHeationo 1p. Badnd,zpnd Mn ordew fiq obttnénresgm@u‘qmu@éercpatb@n 227
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delayed by a period equal to essentially one~-fourth the period P
of the major lobe of the template and input signal, and this is
applled as signal TA ﬁith the input signal EA to multiplying mixer
226. As will be noted, the resulting delayed signal, Tp. 18 now
near synchronization with the input signal BA, and thus the output
of multiplier 228 provides esséntiaIIY'a maximum signal output,
In_instancea where there 1is simpiy no signal, or a noise signal,
at the signal input of mixer 226, there would be between inpnut
signals Ep an elapsed time of exactly 40 m;lliseconde shown in

" Fig. 4, and a quite minimum time deviation in output would appear
from mixer 226.' o

The signal output oé mixer 226 is integrated in 1ntégrator
250, and the output s}gnal is multiplied by a factor of 0.5 by
amblifler 252. Then this one-héifqultage output of amplifier 252
is applied to the inverting 1ﬁput of comparator 254, and this
voltage represents one-half of the peak output of integrator 250,
At the same time, a second ocutput of integrator 250 is fed thro;agh
delay 256 to the non-inverting input of comparator 264, delay

being such as required for stablization of the operation of

amplifier 252 and comparator 254 in order to obhtain an effective



. variable in positiion with respect to nodul ation effect. Wth this
limtation in mnd, and in order to obtain a synchronous detection of the

i nput signal, the output [err] of tenplate generator 234 i's del ayed by a
period equal to essentially one-fourth the period P of the major |obe of
the tenplate and input signal, and this is applied as signal [err] with the
I nput signal [err] to multiplying mxer 226. As will be noted, the .
resul ting del ayed signal, [err] is now near synchronization with the input >
signal [err], and thus the output of nub%hflier 226 provides essentically a
maxi mum si gnal output. In instances whe here is sinply no signal, or a
noi se signal, at the signal input of mxer 226, there would be between

i nput si §AUPSTAsON eigpalleyed; fhasdr wiklibe essgntiaddyofreaeinthn
Fig. 4, and uite mninumgi deviation.n o ut_woul d ear from
i er o RarRRTE GReTRtih Y hans st g b o Raoara s,
- and the p ' i 1A l'e Q - Dk L .
Then' thi SY8htepEbpefie) InTUsbioBe1dl1Y phdHAe s o Harkir WHALK! Fhrfeé
i nver ti ngiAPthe QoML ILOAnpht, sbghial NS VAt AgCthe! F6E NS thiee rieakh Of
t he peak output of integrator 250. At the sane tinme, a second out put of N
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signal of comparator 254 may be related. Iiiié related by virtue
of the output of delay 232 being providod;égfthe set input to
flip-flop 258. Thus, for example, the outpuéiét fiip-flop 258
would rise at q_cénaistqnt time related to the-&verage-rdpetition
rate as essentially dictated by.low pass.fiijr 253. Thus, the
~output of_flip-tlbp baa would be brought back to zero at a time
which reflected_tho intelligence modulation on the input signal.
Thus, we would have a pulQe height of a constant amplitude but
with a pulse width which yaried directly_with modulation. The
output of flip-flop 258 is thgn fed through low pass ?11ter_260.
which translates the signal from puieé width demodulation and
amplitude signal mo&ulation. which is then reproduced by
loudspeaker 262. .

Aqsuming that binary sequence generator 33 of transmitter 10
and binary sequence “A" generator 228 for the receiver are
operated essentially in synchronization, the ef:ect of the time
position dither sffected by'generator 33 of fransmitter 10 will

have no dislocating effect on the signal.



with the position of input signal [err]. It is then fed to the reset input
of flip-flop 268, a set input being provided fromthe output of delay 232
“which represents, because of |ow pass filter 253, an averaged spacing

‘bet ween i nput signals, thus providing a reference agai nst which the

‘noduyl ation controlled time variabl e output signal of conparator 254 may be
.rglated. It is related by virtue of the output of delay 232 being providéd
a5”t he set input to flip-flop 258. Thus;LEor exanpl e, the output of
flip-flop 258 would rise at a consistent tine related td the average-
repetition rat Asasuggested. atioveli dndbedeby tboehsuse éyndironiZation}usomiehe
-output of flip-flop 258 woul d be brought back to zero at a t.inme which

refl ect ed form joft silgngthee between | the otransmithan andgreceivensas\sonshed

-have a pul ge i ght of constant anplitude but with a pul se-w dth which
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10 and binary sequence "A" generator 228 for the receiver are operated
essent i al conclusiow ohnisast,| ane isequehtecodf cbindey s igemerdtbiecns,
effected by generator 33 of transmitter 10 will have no dislocating effect

on the sif@naifart ejgnal gten kinamonequence: geperatens?ze of ihe quceivesn,
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L”jly be doﬂﬁn@ﬂr&ﬂﬂﬁ%i ¥y tHeAPoratEbnObsbefplate generator 224 which
for short codes, and with relatively low nqise levels, would be
relatively short, and for longer codes, or instances where noise
was a significant problem; longer periods would be required for
synchronization. Where needed, a receiving station might transmit
back to the oriqina;.tranonittinq station an acknowledgment that
synchronization has been achieved.

From the foregoing, it should be appreciated that the
applicant has p?ovided both an 1nexpenaive~apd practical time
domain system of conuﬁniéationa._ While a system has been
described wherein a s{pyle short pulee, for example, a nanosecond,
is transmitted at a repetition rate such that 40 microseconds is
betwesn pulses, the invention contemplates that a group of pulses
might be sent nhich'would be separated by the longer period.
Thus, for example, an 8-bit set might be transmitted as a group
wherein there was simply room between the pulsee to detect their
multiposition shifts with modulation. By this arrangement, it is

to pe appreciated that intelligence information transmitted would



| decodi.ng arrangement wherein-there would be provided at the concluion of, -

. say; -one sequence of binafy sequence generator 33, a start signal for

bi nary sequence generat.or -228 of ‘the receiver. Absent this, in the free
runni ng node, there woul d.be effected synchronization by the operation of
tenplate generator 224:which for short codes, and with relatively | ow noise_
| evel's, would be relatively short, and for |onger codes, or instances whergy
noi se wats a significant problem |onger periods would be required for =
synchroni zati on. Wiere needed, a receiving station mght transmt back to
the original transmtting station an acknow edgnent that synchronization

has been achieved. Fromthe foregoing, it should be appreciated that the
appl i cant has provi ded both an i nexpeBsZve and practical tinme domain system

of conmuni cati ons. Wil e a system has been descri bed mhgrein a siqgle
short pul be, 1hicressedpby up teRbficddmes.i o thasAmmund ty; frorpalise; cvld, o

such that 40 m croseconds is between lse he | v i t at es
that a grbepsubstantially dIHP”(%’_’?e%I \%H#Ehéﬁﬁfwgq‘bg %a%‘mggghé | onger
period. Thus, for exanple, an 8-bit set mght be transmtted as a group
wherein there was sinply room between the pul ses to detect their

mul tiposition shifts with nodulation. By this arrangenent, it is to be
appreciated that intelligence information transmtted woul d 22. be
increased by up to 256 tines, or the imunity from noi se could be
substantially inproved by this technique and rel ated ones.



-23- CLAIMS 1.

of at |east* ofe bul%e i gnal

A time domain radio transni ssi-oh §st§n1cdnpfising:

aradiot ﬂ“lmuﬂlm“ l“‘si ng: pul se generati ng nmeans for
generatin& ses units, 'wherein each pulse unit is conprised

havi ng an abrupt edge and wherein said pul se
units are a varying time sequence of pulse units, a source of intelligence

siighal s, nodul ati on neans responsive to said pul se generating neans and

ety
said source of
train of pul se

intelligence signals for providing, as a nodul ated output,
units wherein a discret3-edge region is varied in tine

position as a function of said inteylhggnce signals, transmtting

annt enna neans conpri si,n

a w deband, transmtting antenna, a D.C.

power sourcel-and powe® sﬁf“ghiﬂ@“?r%nsr%’tﬁ)l dFansndgsdon eyghe™
transm tti ngompirdsingand sai d power -source having a control input

responsive to a sai | a t.put for ruptly sw tching between the
%(%%%\Lig é%%&’%\}ll\khl%ee n&°§\%?&r?ﬁ'g’génd not being applied to

states of power app

sai d wi deband ant enpilsgher eppnerstivge svheahed pufioes ageneratdmgted as

transm tted,gj s [ \er TRy ; iV i S
rébﬁggggm% F?t%g.s%sr /NSHEE! wnAHYinS |dalh pudEle’ Wihd T8N

conprising a w
transmtting

nd “a nna for receiving transnmssions from said

comprised of at least one pulse signal having an abrupt

edge and wherein said pulse units are a varying time

sequence of pulse units,

a source of intelligence signals,
modulation means responsive to said pulse

generating means and said source of intelligence signals

for

providing, as a modulated output, a train of pulse

units wherein a discrete edge region is varied in time

position as a function of said intelligence signals,

transmitting anntenna means comprising a

wideband transmitting antenna,

a D.C. power source, and
power switching means coupled to said wideband

transmitting antenna and said power source having a
control input responsive to a said modulated output for
_ abruptly switching between the states of power applied
7 to said wideband antenna and not being applied to said

wideband antenna, whereby discrete switched pulses are

transmitted as transmitted signals;

for

a radio receiver comprising: _
receiving means comprising a wideband antenna
receiving transmissions from said transmitting

antenna and for providing received signals,

signal generating means responsive to a control

signal for generating, repetitively, template signals of

a polarity configuration generally corresponding in time

- polarity pattern to that of said transmitted signals

a



antenna and for prnvpging recei ved signals, signal genérat?hg'heans
responsive to a control signal for generating, repetitively, tenplate

signi“‘ H HHI “H u“m configuration generally corresponding in tine -
pol a ; ’ sthat of said transnmitted signals -24- and in time of
t

occurr'ence W received of said transmtted signals; and signal timng -~
means responsive to said received signals and said tenplate signals for s
generating said control signal; and signal neans responsive to the control
signal or to the product signals derived f+a4a nultiplying nmeans
responsive to y d np “si.ghal 1I.d r Y ' f s

repr oduci ng sa%gdi ni’rgl I#g{é‘ﬁcek’gi gr?gc?}q'f%@e vﬁ} sy&%&ngz}géésetg#orfﬁl?n
claim1 whereitransmittedasignaks;iandudes integration neans for

integrating the product signals fromsaid signal nultiplying neans. 3.

A systemas set forth in claim?2 wherein said signal .generatin neans

inci udes signal contFH9PRY bLiRLPPaTEAGSHEFETD (ﬁn$QN§?%ﬂa?g§FHVEGntro
si gnal varyi ngsidw®als nEn@osaidotenplabedsignalet £opi gentsating saidA system
as set forth ipn claiml.whereip: .said received signals include a major |obe
of one poIarit??néﬁ?g1§f%ﬂ§§’t$ﬂ$ng means includes a first and second

signal multipliers andsignal meapsnreésponsiveitio the control signal or

to the product signals derived from a multiplying means

responsive to said template signals and said receive
signals for reproducing said intelligence signals.

2. A system as set forth in claim 1 wherein said
signal means includes integration means for integrating
the product signals from said signal multiplying means.

3. . A system as set forth in claim 2 wherein said

signal generating means includes signal controlled

oscillating means responsive to a said control signal
| varying the time position of said template signals.

4. A system as set forth in claim 1 wherein:

said received signals include a major 1lobe of
one polarity; o

said signal timing means includes a first and
second signal multipliers and means responsive to said
received signals for applying as a first input to each
of said first and second multipliers  said received
signals; '

said signal generating means includes means for
providing a first set of said template signals as a
second input to said first multiplier.and a second set
of said template signals to said second multiplier, and
wherein said second set of discrete signals are delaved
for a - period of substantially one-half the period of



. .
* » .

received signals for ap |n input to each oP sald flrst and
second nultipliers sai d() m“g r“j@; said signal generating neans
i ncl udes neans for prov of said tenplate signals as a

second input to said first nultlpller and a second set of said tenplate
signals to said second nultiplier, and wherein .said second set of discrete
skghal s are del ayed for a period of substantially, one-half the period of
-25- said major |1obe of said received signals; ant“said tining means

i ncl udes conbi ning means for conbining ~ £=t he outputs of said first and

second nmultipliers for providing said control signals. 5. A system as
set forth i Raddamaisrnlebei rfsspddcyepeived sdanales andifferenti al
anplifer. 6. Asayat Qﬁ!mgf%eéﬁét BncAutled Mohb ity RfafBaRsy
responsi ve .the sai d i ntegratjon gteans Tor, providing tined

out

out put  Si gnSPg‘bF'H&P@at P?e BlFet HMEPRES oo c §Aikn LTSt sand r s86PhEy

si gnal ; neamsltipldetssifgrabrosidiay sgideaontirelr kigaadk.f or providing
ref erence out put signals which are a function of the average tine of
occurrence of said received signals; pulse wi dth generation neans
responsi ve 66 sai d & raysten pas segndiartdridinacdaisf & evibereimpsaidi gnal s

combining means is a differential amplifer.

6. A system as set forth in claim 2 including
means - responsive to the output of saiad
o ’ integration means for providing timed output signalé-
indicative of the time of occurrence of said received
signal;
means inh said signal generating means inedudes
wears for providing reference output signals which are a
function of the average time of occurrence of said
received signals; _'
pulse width generation means responsive to said
timed output signals and said reference output signals
for generating rectangular pulses which vary in width as
a function of the variation in time of occurrence of
said received signals; and
Y low pass filter means responsive to said
rectangular pulses for providing a signal output which
varies in amplitude as a function of the spacing of
transmitted and received pulses.

7. A system as set forth in claim 1 wherein said
power switching means is a light responsive switch, and
said modulation means includes means for providing as
said train of pulses a train of pulses of light.

8. A system as set forth in claim 1 wherein said
power switching means comprises at least one avalanche



for generating réctangular pulses which vary in width as a tunctiron of the *

variation in tlne of ULLUIICHUU'Of said received signals; and | ow pass

filter means |d rectangul ar pul ses for providing a signa
cecelve

out put mhich de as a function of the spacing of

transmtted a A systemas set forth inclaim1l -
wherein said power SMAtChIng neans is a light responsive swtch, and saidw
nodul ati on neans includes neans for providing as said train of pulses a
train of pulses of light. 8. A systemas set forth in claim1 wherein
sai d power sw tching neans conprises at @85t one aval anche | - 26-- node
operated t raneaetoperatéddtngnslsublreclhon.udlmgt a0 doldeatert életctnﬁied bi as

t d. liect
R e L
recei pt of aceandchedumtwaemtmd gollector and cacressectheoautput cl aim
1 wherein sabf BRYA ti»\acntsti@t%& r?anssﬁaciweﬁlaé péwat 4 ihBu v Heieihiy Mode

operated transistor having a_coll ector conected to said power 1 nput
and further FREPLBENGE 2 §H6¢t9&dpﬂéﬁ§ﬁ|9§FGHq *i ne connected across said
swi t ched power output, said shorted transm ssion |ine being|of an

\(/av: gﬂ]rl cal Igngt h apgr OXIsnéae elg/se g@l f1;.:,0]_:‘_'(}‘nelhaI flagf sei_le tgg p)slglsae

power switching means includes at least one avalanche
mode operated transistor having a collector connected to
said bias power'input apd further including shorted
transmission line connected across said switched power
output, said shorted transmission 1line being of an
electrical length approximately equal to one-half of a
selected pulse width.

10. A system as set forth in claim 1 wherein said
varying time sequence is a selected binary sequence
pattern.

11. A system as set forth in claim 1| further
comprising a filter coupled to said antenna.

12. A system as set forth in claim 11 wherein said U/

filter effects time domain shaping of signals applied to
said antenna.

13. A system as set forth in claim 10 wherein said
pulse signal generating means includes means for
generating a constant rate, variably time-poéitioned,
pulse units. |

14. A system as set forth in claim 13 wherein said
pulse generating means comprises: :

a fixed frequency oscillator for providing fixed
frequency signals;

-~



10. - A systemas setforth—in claimil wherein sal 8 varyi ng time sequence
is a selected binary seque E A system as set forth
in claim 1 further caﬂmﬂmﬂ“m coupled to said antenna. 12.

A systemas set forth i &refn said filter effects tine domain
shaping of signals applied to said antenna. 13. A systemas set forth
iQ,claim10 wherein said pul se signal generating nmeans includes nmeans
for generating a constant rate, variably tine-posfiti oned, pulse units. 14.
A systemas set forth in claim13 wherein said pul se generating neans
conprises: a fixed frequency oscillator for providi ng fixed frequency

si gnal s; -27- nmeans for generating independent signals which are a
function of said pattern; and signal c ol i ng -means for conbi ning said
fixed frequency si gnabasarﬂbﬁagdneﬂdeﬂngdejﬁdey@aﬁrﬂ: foigpadyi dinighsai d

bly t t t forth I 1
\\//\ﬂtralrgi nysa: %ggl gagﬁgfﬁﬁﬁg oiegﬁgdl R@It&&gi'xs §§safsofeef f g::ti nlgnacs:: (rjn
control signal c_onp_sﬂ.gnag_ eomid ndiggp ovesinge fox reombimisggsalid ffdxed/er agi ng
the effect pfogabfick BibhaBCCatkoN8hiaP" $388beARENE CERhatld Meaat i Ny the

effective ] .
. providing said variably time-spaced signals.

15. A system as set forth in claim 1 wherein said
signal timing means includes means for effecting a said
Y, | control sighal comprising means responsive to receive
signals for averaging the effect of said intelligence
signals present and thereby eliminating the effective
presence of said intelligence signals in a said control
signal. '



presence of said intelligence signals in a said control signal. A tine

domain radio transm ssion systemsubstantially as herelnbefore descri bed

|
| with referflll‘lﬂllllllllﬂfflﬁﬁllﬂpanw g dravings
2%.
|‘.€5: A time domain radio transmission system

substantially as hereinbefore described with reference
to the accompanying drawings. ' |
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