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1

" 'The ‘present invention rélates to apparatus for
transmitting pulses of energy having certain de-
sired phase .relations and intensities, in order to
simulate conditions at a receiver designed to re-
ceive pulses from different remotely located trans-
mitters. The.system of the invention as a whole
is' particularly applicable to training personnel in
the field of navigation.

In the field of long range navigation, it is.im-
portant for a ship at sea or an airplane to be able
to determine its precise location irrespective of
atmospheric conditions. In the.case of an air-
plane flying in the dark or in.inclement weather,
it “is important fotr.the pilot to know his exact
position at all times, With this end in view, it has
been prorosed to set up differently located pairs
of radio transmitters and for these transmitters
to send out pulses of radio frequency energy. The
radio transmitters of each pair would be. geo-
graphically spaced from €ach other at least sev-
eral miles apart, and would transmit, at different
intervals,  periodically recurring pulses of the
same carrier frequency and of the same repetition
rate, ‘Different pairs of radio transmitters would

be located at different points and would have

slighitly ‘different pulse repetition rates. Such a
proposed. system is presently used for military
purposes and is known as.the TRN system, the
letters “LRN” being the gbbreviation of the ex-
pression “long range navigation.”

“The method of operation of the LRN system
may be better understood by referring to Fig. 1
of the accompanying drawing, wherein stations
t and 2 represent one pair of radio pulse trans-
mitters -and ‘stations ‘3 and 4 represent another
pair of radio pulse transmitters. ‘Transmitters |
and 2 -are spaced apart from each other by at
least-several miles, let us say fifteen miles, while
transmitters 3 and 4 are similarly ‘spaced apart

from each 'other, -dlthough it ‘should be under-

stood that it is not: necessary that the stations
of each pair have the same geographice spacing as
that -of :another pair. Transmitters 1 and 2 are
remotely located with respect to transmitters ‘8
and 4, preferably by a:distance appreciably great-
‘er. than the distance between thestations of .each
pair.. .Stations.§.and 2 of one pair radiate shorb
-pulses of the. same radio carrier frequency -and
- of the same repetition rate, although at slightly
different times. For example, stations | and 2

may each radiate pulses of abotut 40 microseconds
duration having a carrier of '1.95 megacycles,
these pulses recurring at a ‘rate of ‘twenty-flve
cycles per second. “The time intervdl between the
pulses radiated- from ‘the two stations of each
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pair should be shorter than the time interval be=
tween periodically recurring pulses. Thus, it the
time interval between pulses from each station {
or 2 is about 40,000 microseconds, then the time
interval between the pulses from the two sta-
tions of each pair might be 15,000 microseconds.
The repetition rate of the pulses from radio sta-
tions 3 and 4 differs slightly from that of stations
{ and 2 and might be 25%¢ puilses per second, al=
though the carrier frequencies of the pulses from
the different pairs of stations may be the same
(1.95 megacycles assumed above) or slightly dif-
ferent, The difference in the repetition rate of
the pilses from the different pairs of stations-is
sufficient for an observer on 3 ship or airplane
to distinguish between the pairs of stations.

- The curved lines A, B, C, D of substantially hy-
perbolic shape, located between radio transmit-
ting stations | and 2, are several of many loci
along any one of which there is a fixed difference
in distance between the two stations of this one
pair. Similarly, curved lines A’,’B’, C’ and D’, 1o«
cated between radio pulse transmitters 3 -and 4,
are several of many loei along any one of which
there is & fixed difference in distance between the
two stations 3 and 4. The straight line E between
stations | and 2, and the straight line E’ between
stations 3 and 4 are lines on all points of which
the distance between the stations of the respee=
tive pairs is the same.

An observer on g ship or plane desiring to de-
termine his position in-accordance with the above
long range navigation (LRN) system, is supplied
with a map showing the location of the different
pairs of pulse transmitting stations {, 2: 3, #-&te.
and also the loci, and is also supplied with-a ré<
ceiver which can be tuned to alternately receive
the pulses radiated from the different pairs of
stations. ‘This receiver i equipped with eireuits
for calculating the time required for the pulses
from the stations of a pair to travel to the res

ceiver, and converting -and swiftly registering or .

indicsting this time, By tuning the receiver to:-

receive the pulses of a particular repetition rate |

from one pair of transmitting stations, let us say
| and 2, the observer determines the difference
in-time it takes for the radiated pulses from-the
two stations of this pair to reach his receiver.
This time -difference is proportional to the ‘dis-
tance difference from the observer to the-pulse
transmitters -and thus the observer learns that
he-is on & partictlar position of & particular loeus,
let us say curve C, but he may not ktiow his exact
position on this locus. “Then, by tuning his re-
ceiver to the repetition rate of another pair of
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radio pulse transmitting stations, let us say 3 and
4, he determines the difference in time it takes
for the pulses radiated from stations 3 and 4 to
reach his receiver, and from this time difference
he may learn that he is on locus A’. Since loci C
and A’ intersect at only one point P, the observer
then knows his exact position on the map. In
this way, the observer knows at all times the di-
rection in which he is traveling and his exact
position, and if he is in a bomber plane he will
know when he is over the target.

In such navigation systems, the pulses from the
different transmitting stations of each pair do
not always arrive at the receiver with the same
intensity, due to fading and atmospheric condi-
tions. The present invention involves apparatus
designed to simulate the various conditions of
reception at a receiver designed for use in such a
long range navigation system, and its primary
purpose is to train personnel in an understand-
ing of the long range navigation system described
above.

One feature of the present invention comprises
the circuit apparatus for producing a series of
pulses of different amplitudes or intensities.

A more detailed description of the invention fol-
lows in conjunction with a drawing, wherein:

Fig. 1 illustrates a series of curves given to ex-
plain the operation of a long range navigation
system;

Fig. 2 illustrates in outline form an embodiment
of the invention;

Tig. 3 illustrates a series of curves of different
wave forms and their time relations produced by
the timing unit employed in the present inven-
tion; and

Figs. 40 and 4b, taken together, illustrate the
circuit details of Fig. 2.

Referring to Pig. 2 in more detail, there is
shown a timing unit 180 supplying over leads 1, 2
and 3 wave forms a, b and ¢, respectively. These
wave forms are shown in more detail in Fig. 3.
Wave form ¢ comprises a series of non-overlap-
ping pulses A and B which periodically recur at
the same repetition rate, for example, twenty-five
times per second. It should be noted that there
is a small fixed time interval £ between the puises
B and A and that this time interval is shorter than
the time interval between sequentially recurring
pulses A, A or between sequentially recurring
pulses B, B. The timing unit also produces wave
forms b, ¢ whose pulses are of opposite polarity
relative to each other. The pulses of wave forms
b and ¢ are square in form, of equal length and

amplitude, and equally spaced. They may have .

the same or a slightly different amplitude from
the pulses of wave form a. It should be noted
that the square wave pulses of form b lead by a
small fixed time interval the pulses A of wave
form a, and that the square pulses of wave form
¢ lead by a small fixed amount the pulses B of
curve a. The phase relations of these wave forms
are adjustable in the timing apparatus. The ap-
paratus in the timing unit 1680 which produces
wave forms g, b, ¢ includes suitable means for
synchronizing or locking-in the various circuits
whiech produce the different wave forms, in order
that the phase relation shown in Fig. 3 may be
obtained. No claim is made to the timing unit
per se in the present invention, since such ap-
paratus is known in the art and used in the re-
ceiver of the long range navigation system de-
scribed above.

The wave form g of the timing unit is supplied
over lead f to a differentiator circuit 181 which

10

15

20

ot

[H]

‘impedance.

converts the pulses in lead | to the peaked wave
form represented by d. The peaked wave form d
is then impressed upon the clipper amplifier T1
which converts the positive and negative impulses
of wave form d to negative impulses e. The out-
put of the clipper amplifier TT is then impressed
upon a clipper amplifier T6 which converts the
wave form e to the wave form f. The pulses of
wave form f are shorter in duration than the
pulses of wave form a. The output of clipper
amplifier T§ is then impressed upon an impedance
transformer tube T5 (sometimes referred to as a
cathode follower) which provides an output of
wave form ¢ of substantially the same form as
wave form f. The input to the impedance trans-
former tube is of high impedance, while the ocut-
put taken from the cathode of the tube is of low
Wave form g is used to key a suit-
able radio frequency oscillator T4 which is pulsed
to produce cutput pulses of radio frequency oscil-
lations shown by wave form n. The output of
the pulsed oscillator T4 is then impressed on a
differential-pulse-amplitude-control amplifier T3,
upon which is also imprsssed the output of im-
pedance transformer tube or cathode follower T8.

Af this time it should be noted that the imped-
ance transformer T8 has impressed thereon the
the output of a mixer {082, the latter in turn hav-
ing supplied thereto pulses of wave forms b and ¢
from the timing unit 100 over leads 2 and 3, re-
spectively. The mixer $82 serves to increase the
amplitude of either one of the wave forms b or ¢
with respect to the other so as to supply an out-
put wave form which can vary in shape anywhere

; from that of b to that of e. By way of analogy,

the mixer 182 can be compared to a faucet to
which hot and cold water is supplied over sepa-
rate conduits. By suitable adjustment of the
faucet, the outlet may be made tc supply more
cold water or more hot water.

The impedance transformer T8 merely serves
to couple the connection from the mixer 182 which
is at a high impedance to the connection to the
unit T3 which is at a low impedance. The differ-

, ential-pulse-amplitude-control amplifier ‘T3 sup-

plies an output having either one of the three
wave forms J, K or m, depending upon the input
supplied thereto by the mixer circuit 182. Thus,
if the mixer circuit {02 minimizes the amplitude
of the square pulses of wave form b with respect
to the amplitude of the square pulse from wave
form ¢, the output from unit T8 will have s wave
form shown by J. On the other hand, if the
amplitude of the sguare pulses of wave form ¢
is increased by the mixer with respect to the am-
plitude of the square pulses of wave form b, then
the output from the unit T3 will have a wave form
shown by K. If the mixer 102, however, is ad-
justed so that the wave forms b and ¢ impressed
thereon compensate or neutralize each other in the
mixer, then the output of the mixer will be a
straight line, in which case the unit T3 will sup-
ply 2 wave form of the type shown by m. It should
be noted that the puises of radio frequency energy
in the output of unit ‘T3, which may be of either
of the three forms J, K or 1, have 2 time appear-
ance which is identical with or registers with the
time appearance of the pulse of wave form ¢ in
lead I connected to the output of the timing unit.

The output of unit T3 is impressed upon the
gain control araplifier T2 which servas to amplify
the output of unit T3 and in turn impresses the
amplified pulses of radio frequency energy upon

5 the power amplifier T{. The output of the powerf
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AWplifidy Ticis coupled toasuitable antenya. BNT
for radiating the pulses.

iPFigsticdd Anddb) tiken thogethey, ilustraite “in
detan the citenitBiagram 61 JFig, 20 To this fo-
urs; ey [0 represents thetiming wnit drd menciy
shows $HE prongs t0whish thezvamous;leadr ofthe
system of thietifivention arescontiected. Thelsad

I iCupon “which Astimpressed ithe dwo serisy of
péricilically: recdrring spaced:pulses A and B .61
wavie form d) is connected 1o the differentinto
) tHetoondenser 0.and registor
HO e peaked implses ‘ofrwave form d of ithe
wave converted by the Hifferentiator is impresed
upéh the:controlgrid ‘ot the ¢lipper amiplifier T7 s
n'whose ‘output appears the*wave torm &, " The
clipiper amplifier* T 4s ‘g vEeuim tube wormuily
biased> past icut off; @nd 1t is “only- the positive
peaksof wave Torm-& which:cause*sibe T togass
surrent "momerntarily -and-thus ¢roducé ths in-

verted impulsesofwaverform 6. 'The wave form «

e from clipper amplifier T7 is impressed upon thie
grid of triode c]’lpper EmpHfief TS, [ This triode is

HHich' s ‘biaséd topass current normally
88 pastcatiol by ithe impuilses of wave
Thie ‘sutput 61 clipper amplifier: TT will
have the wave formefand will'be impressed iipon
theefid: 6f fhe: ampedajnce transformer tube or

cuthode ‘follower 'T5 Thi‘ “’lmpedance ’trans-

Bt ity 'oubput s talken
'fmn& ’bhexcafthoéle »efk'the‘t be, Tube 5 melely

grid: crreuit o' lofwmmp“edance output from- its
eathode weireult, “The palses ih ‘the ‘eathodé ¢ir-
tuit-or $heimpedlance trensformesr T -are repre-
sented by wave form these pulses ‘are im-
pressed: ‘onithe second grid ot 8 pedtode oscillator
T4 for pulsing o Keyingthe same,

" MTHe 6s6ilatoy T4 s shown to'b
type-and iticludes an-ostillatory cir
ing an inductance L, a condenser C, and -8 \Whiurit
damping vesistor B, Theinductarice L is adjusted
By trieans ‘of & stitable'iron plug. ‘Oseillator T4
isHormElly ‘bigsed tocut<oifihthe ‘dbsence of in-
putpulses, and-‘is'momentarily bidsed to the cur-
rent passing ‘condition By the impiilses of wave
form: gapplied ‘to‘a scfeen 11 *from the imped-
HHOE ransform‘ 5. The outpitt from the escil-

Sf ulses’ of:radiv Frequency energy
gve form h!
walie Torm ktake o 11ttt $ime 'tb build up and also
heve s $mdllidecai time, but iare controllable by
the design of the oscillator within certain Hmits.

The build ip time 48’ contyélied by the transcon-
ductamfe ‘ofthie tibe T4 and ‘the said of the-oz
5601 en considered as an~amplifier, while
the ‘decay tivie 15 controlléd by the timingr of the
tuned-eireuit. " "The“edthode bias provided by re-
sistor RiHssures s eurrent ¢ut-off condition dur-
mg the: absance ‘of ‘input ‘ptilsés ‘to the screen
grid-of tube’ 14, “The" ‘ptilses -of radio frequency
‘ewergy inthe wave form ‘h in ‘the output of ‘the
ostillator are impressed ‘upon ‘the tontrol grid of
the differenitial-pulsessmplitude-contro! ampli-
fleritube T3.

*The tdifferential-pulsezamplitude:contro! am-
plifier " T3 "hasimpressed upon ‘its :cathode the
output of the impedance:transformer T8, Tabe
'T'8- hys diipressed upohits:grid the .output of the
Mmixer:i102: through ‘& “blocking condenser Tf:
Mixer 102, in‘effedt, consists’of o resistor to whose

the'Hartley

Obposite’ terminglsareiconnectedileads 2 and '3, in-

turtizexténding 40 thestiniing unit 00, As men-
tionedrabovelead 2 has impressed thereon square
pulses ofthisewave form o whilenlegd 3 s im~

Wt compris- 4

‘'These ‘pulses of
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6
pressed-thereonisquare:pilsesiof thewave:forth ¢
Atap onthe mixer 102 .sehich: conyects to the
impedance “transtormer T8 through coridenser
Cl serves toiprovide.any suitable adjusthrertover.
the :length  of:the:resistance . constituting $he
niixer. If the:tdp dsratidts uppermostiterminal,
square pulses of:the wave form piwillobe passett
on to-theimpedanseitransformer T8 uand then 1to
the ‘differentinl transformer: Without &iminuition
oflintensity, whilessguare pulses of the wave:fonm
¢ will be considerably.:@ecreased in dntensity wor
amplitude and have noreffect in the:ontput of the
impedance transformer T8, -Conversely, ifthetap
on:the mixeril§2 isindtsdlowermostoposition;the
square’ pulses of: wave form c:will bepassed on fo
thesimpedance itransformer T8 and then tothe
unit T3 ‘withiout change in ampHtude, whilesthe
square pulses of waveform: b will be consiGerably
decreased in amplitude andsintensity-and ha,ve 1o
effect on the output mpprlied to-unit:TS..
tap ‘on -the muiker :is/ exwetly: in: cthe centery dhe
square piilses of ‘waveform :duand sc.whiclh are
of opposite polarityswill cancel:-or nevtralizeench
other in effect, and: no:pulse wwill e passed g o
thecathodeof tubs T8ifromthe impedance trans-
former T8. It will thus be seen:ithatithe relative
amplitudes of the sguare pulsescorresponding 'to
wave ‘forms ‘b.and ¢ in the output of the mixer
102 depénds upon the:prlecise position :0f the tap
on the mixer resistor. "The:trtputiofsbuks T8 will
comprise radio frequency ‘pulses having either of
the three wave forms:3, K or o, depending:wpon
thee "position ‘of cthetap ondhesmixsr {02, ~The
gain control .amplifier: T2 wexves to amplify: ‘the
puilses impressed on’its control:grid faom: thve out-
put of the differential-pulse-amplitude-control
amplifier T3. Assuming that the:tube T3 hap-
pens, :at-one partieular :moment, to be passing
pulses ofrthe waveforth K, thenthe output of the
gain:controlamplifier 'E2 may haverthe wave form
n, the latter showing by rcomparison with: ihe
wave forin ‘K the gain provided by the' tupe T2,

The‘output ‘fremsthegain-control amplifisy T2
is supplied -to the power ramplifiér T4, which #n
turn -supplies -the ramplified: pulses of ratio fre-
quency energy to a.suitable rantenna ANTS A
suitable powerisupply:uriit s shown 'in ‘box P-for
supplying positive rpolarizing: ‘potentials ‘to: ‘the
electrodes of ‘the:various tubeeircuits:and “for
supplying heating current to the filaments: df the
dxﬁerent tubes.

In one ‘embodiment successfully “constructed
and tried out in practice;sthe:circuit of Figs. 4a
and 4b was cohstituted-as follows: Thecondenzer
10-and:resistor 11 -of thedifferentiator circuit had
respective “values wof 250 uuf vand :120,000° chms.
Tube T was ah RCA6SJT tube: The two tricdes
TS and T6 formed onetube within o single én«
velope-and was'an RCA:6SLIGT tube, “The:0scil-
lator tube T4 was an RCA:6SKT7 tube, and pro-
duced oscillations 0f-1.95 megacycles. The shunt
resistor R of ‘the: oscillator “was 120,000 :6hms,
while the condenser C -ofthe oscillator was 100
upf having zero drift. ~The-tubes T8 and T2 were
each RCA 6SKT tubes. ' The power gmplifier T4
was an RCA 6V6GT:tube; andthe two'condensers
connected to its ‘output-were each of 25 puf and
had zerodrift. ‘The:antenny was of‘the telescopic
rod type which ‘could be extended to ‘o length
of '48 inches. ' With the dntenna ‘extended to-its
Tull length of 48!inches, it radiated a feld .6f ap-
proximstely 10,000:microviolts per:neter at o dis-
tance of thirty-fest in:anyidirection; ’ The fre-

quency of the output:was @djustable bymeansof
asscrew-~driver @aeting :ontheriron plug dn 1edil i
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of the oscillator to provide a tuning range between
1780 and 2080 kilocycles. The amplitude of either
of the two output pulses from the antenna corre-
sponding in time relation to the two pulses A and
B of wave form g could be attenuated individually
and continuously by means of the mixer to less
than /100 of the other pulses (40 decibels). When
the tap on the mixer controlled by a knob was set
at its center position, the amplitudes of both
pulses from the antenna were the same. The
time duration of each output pulse from the an-
tenna was about 35 microseconds, the build up
time being about 8 microseconds, the flat top or
constant amplitude time being about 12 microsec-
onds, while the decay time was about 15 micro-
seconds. The time interval between adjacent
pulses of each series A or each series B was of
the order of 40,000 microseconds, while the time
interval between pulses A and B was of the order
of 15,000 microseconds. The output of both series
of pulses was continuously variable over a range
of 100 to 1, by means of a knob, and this action
was completely separate from the action of the
knob controlling the tap on the mixer, for which
reason it was possible to simulate a wide variety
of field conditions.

By using two sets of training apparatus, each
of the type shown in Fig. 1 or Fig. 3, it is possi-
ble to simulate the conditions at a receiver de-
signed to receive pulses from two pairs of ge-
ographically spaced radio pulse transmitters, the
transmitters of each pair transmitting short
nulses of radio frequency energy of the same rep-
etition rate but spaced apart in time, and the
two pairs having slightly different pulse repeti-
tion rates.

What is claimed is:

1. In combination, an oscillator of radio fre-
quency energy normally biased to cut-off, a cir-

cuit for impressing upon said oscillator two series «

of unidirectional current pulses to thereby cause
said oscillator to produce two corresponding series
of pulses of radio frequency energy, a utilization
device, an amplifier between said oscillator and
said utilization device, and means coupled to said
amplifier for causing the same to change the rela-
tive amplitude of one of said series of pulses of
radio frequency energy relative to the amplitude
of the other series of pulses of radio frequency
energy.

2. In combination, an oscillator of radio fre-
quency energy normaily biased to cut-off, a circuit
for impressing upon said oscillator two series of
unidirectional current pulses to thereby cause
said oscillator to produce two corresponding se-
ries of pulses of radio frequency energy, a utiliza-
tion device, first and second amplifiers in cas-
cade coupling said oscillator to said utilization
device, and means coupled to said first amplifier
for changing the relative amplitudes of said two
series of pulses of radio frequency energy.

3. In combination, an oscillator of radio fre-
quency energy conditioned to be normally non-
conductive, a circuit for impressing upon an elec-
trode of said oscillator two series of unidirectional
current pulses to thereby cause said oscillator to
produce two correspondingly positioned series of
pulses of radio frequency energy, a utilization
device, a vacuum tube coupling the output of said
oscillator to said utilization device, and means for
applying to an electrode of said vacuum tube
other unidirectional current pulses of relatively
different time duration than said first unidirec-
tional pulses to thereby cause said vacuum tube
to change the relative amplitudes of the two series
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of pulses of radio frequency energy passed there-
by.
4. In combination, an oscillator of radio fre-
quency energy conditioned to be normally non-
conductive, a circuit for impressing upon an elec-
trode of said oscillator two series of unidirectional
current pulses of the same repetition rate but
displaced from one another in time, to thereby
cause sald oscillator to produce two correspond-
ingly positioned series of pulses of radio fre-
quency energy, a utilization device, a vacuum tube
coupling the output of said oscillator to said utili-
zation device, and means for applying to an elec-
trode of said vacuum tube other unidirectional
current pulses of relatively different time dura-
tion than said first unidirectional pulses but syn-
chronized with respect to said first unidirectional
pulses to thereby cause said vacuum tube to
change the relative amplitudes of the two serles
of pulses of radio frequency energy passed there-
by.

5. In combination, an oscillator of radio fre-
quency energy conditioned to be normally non-
conductive, a circuit for impressing upon an elec-
trode of said oscillator two series of unidirec-
tional current pulses of the same repetition rate
but displaced from one another in time to there-
by cause said oscillator to produce two corre-
spondingly positioned series of pulses of radio fre-
quency energy, & utilization device, a vacuum tube
having & control electrode coupled to the output
of said oscillator and an output electrode coupled
to said utilization device, and means for applying
to the cathode of said vacuum tube other unidi-
rectional current pulses of relatively different
time duration than said first unidirectional pulses
but synchronized with respect to said first uni-
directional pulses, to thereby cause said vacuum
tube to change the relative amplitudes of the two
series of pulses of radio frequency energy passed
thereby.

6. The method of operating electrical appa-
ratus which includes generating a multiplicity
of spaced pulses of radio frequency energy of the
same amplitude, producing a series of unidiree-
ticnal pulses independently of said pulses of
radio frequency energy and which are synchro-
nized with respect to said multiplicity of pulses
of radio frequency energy, and changing the am-
plitudes of only certain ones of said multiplicity
of pulses of radio frequency energy as a function
of the amplitude of said series of unidirectional
pulses.

7. A signaling system having an oscillator of
radio frequency energy, said oscillator having as
a part thereof a control element for determin-
ing whether or not said oscillator produces oscil-
lations, means for impressing upon said control
element of said oscillator two time spaced series
of pulses of substantially uniform amplitude and
duration and of the same repetition rate, to
thereby cause said oscillator to produce two cor-
respondingly positioned series of pulses of radio
frequency energy, and means synchronized with
respect to said two series of pulses for changing
the ampiitude of one series of pulses of radio fre-
quency energy relative to that of the other series
of radio frequency energy.

8. A pulse generating system having means for
first producing two series of pulses of uniform
amplitude and duration and having the same
repetition rate but differently phased in point
of time, the duration of each pulse being short
compared to the time interval between pulses,
the spacing hetween a pulse of one series and the
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adjacent pulseiof the other seriesi being shorter
than. the;spacing between adiacent pulses of any
one: semes,.and means synchreonized with respect
tosaid: twer series of pulses.cfor subsequently
changmg the relative amplitudes. of said.two se-
ries.of pulses while maintaining.the same repeti-
tionirate.and relative phase relation.

9.-A pulse transmission., systgm for simulating
the conditions at a receiver adapted to receive
pulses from differently located ptilse transmitting
statiens—comprising means: for generating: two
series of nonsoverlapping unidirectional:pulses of
uniform duration and of the same repetition rate,
means for also generating other unidirectional
pulses of the same repetition rate as said first
pulses, synchronized therewith, but displaced
therefrom in point of time, an oscillator of alter~
nating current, a circuit for impressing upon said
oscillator two series of pulses representative of
said first two series for causing said oscillator
to produce two corresponding series of pulses of
alternating current energy, a differential-pulse-
amplitude control tube, and circuits for im-
pressing upon different electrodes of said con-
trol tube the pulses of alternating current energy
and said other unidirectional pulses for produc~
ing two series of output pulses of alternating cur-
rent energy of different amplitudes.

10. A pulse transmission system for simulat-
ing the conditions at a receiver adapted to re-
ceive pulses from differently located pulse trans-
mitting stations comprising means for generat-
ing two series of non-overlapping unidirectional
pulses of uniform duration and of the same
repetition rate, means for also generating other
unidirectional pulses of the same repetition rate
as said first pulses, synchronized therewith, but
displaced therefrom in point of time, a circuit
for changing amplitudes of only said last unidi-
rectional pulses, an oscillator of alternating cur-
rent, a circuit for impressing upon said oscillator
two series of pulses representative of said first
two series for causing said oscillator to produce
two corresponding series of pulses of radio fre-
quency energy, a differential-pulse-amplitude-
control tube, and circuits for impressing upon
different electrodes of said control tube the pulses
of radio frequency energy and the changed am-
plitude unidirectional pulses for producing two
series of non-overlapping output pulses of radio
frequency energy of different amplifudes and of
the same repetition rate.

11, A pulse transmission system comprising a
source of periodically recurring waves, a differ-
entiator coupled to said source, a clipper ampli-
fier, o connection from said differentiator to said
clipper-amplifier, whereby said amplifier produces
pulses whose duration is shorter than that of the
periodically appearing waves of said source, a
radio frequency oscillator under control of said
amplifier for producing pulses of radio frequency
energy whose duration is shorter than the time
interval between pulses, an amplitude control
tube, a connection from the output of said oscil-
lator to an electrode of said control tube, a source
of pulses operating in synchronism with said first
source, and a connection from said source of
pulses to another electrode of said control tube,
to thereby vary the amplitude of said pulses of
radio frequency energy as available in the out-
put of said control tube.

12, A pulse transmission system comprising a
source of periodically recurring waves, a differ-
entiator coupled to said source, a clipper amplifier,
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& connection  from rsaid- differentiator - to-said
clipper amplifier, whereby: said amplifier: produces
pulses-whose-duration is sherter thah that of the
periodically ‘appearing waves:-of ‘said: ‘source, o
radio frequeney -escillafor under . control of said
amplifier for'producing-pulses-of r4dio frequency:
energy whose duration is shorter than the time
interval between: pulses;-and an amplitude mod-
ulator coupled to the. output of said radio fre-
quency oscillator:

13..A pulse transmission systeny-comprising: a
radio frequency oscillator, saidi:escillator having:
as an integral part thereof a control element
for determining whether or not said oscillator
produces oscillations, a source of periodically
recurring unidirectional current pulses coupled
to said control element of said oscillator for con-
trolling said oscillator to produce correspondingly
positioned pulses of radio frequency energy of
uniform duration and amplitude, and means cou-
pled to the output of said oscillator for changing
the amplitude of said pulses of radio frequency
energy.

14. A pulse transmission system comprising a
radio frequency oscillator, said oscillator having
as an integral part thereof a control element for
determining whether or not said oscillator pro-
duces oscillations, a source of periodically re-
curring psirs of pulses coupled to said control
element of said oscillator for controlling said
oscillator to produce periodically recurring pairs
of correspondingly positioned pulses of radio fre-
quency energy of uniform duration and ampli-
tude, and means coupled to the output of said
oscillator and synchronized with respect to said
source for changing, by a fixed amount, a char-
acteristic of only one of the pulses of each of said
pairs of radio frequency pulses.

15. The method of operating electrical appa-
ratus which includes generating a multiplicity of
pulses of radio frequency energy, producing in-
dependently of said pulses of radio frequency en-
ergy a series of unidirectional current pulses of

- Substantially rectangular wave form and which

are synchronized with respect to said multiplicity
of pulses of radio frequency energy, and chang-
ing the amplitudes of only certain ones of said
multiplicity of pulses of radio frequency energy
as a function of the amplitude of said series of
unidirectional pulses.

16. A signaling system having an oscillator of
radio frequency energy, said oscillator having as
a part thereof a control element for determining
whether or not said oscillator produces oscilla-
tions, means for impressing upon said control
element of said oscillator two time spaced series
of pulses of substantially uniform amplitude and
duration and of the same repetition rate, to
thereby cause said oscillator to produce two cor-
respondingly positioned series of pulses of radio
frequency energy, and means including apparatus
for producing in synchronous relation to said first
pulses two series of unidirectional pulses of rec-
tangular wave form for changing the amplitude
of one series of pulses of radio frequency energy
relative to that of the other series of radio fre-
quency energy.

17. A pulse transmission system comprisihg a
radio frequency oscillator having as part thereof

“a control electrode, a source of first and second

series of periodically recurring unidirectional cur-
rent pulses coupled to said electrode and control-
ling said oscillator to produce correspondingly
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