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Pty LSE TRANSMISSION SYSTEM 
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Radio Corporation of America, a corporation of 
Delaware 

Application July 3, 1943, Serial No. 493,383 
(ld-?20 Cl) 17 Clains. 

The present invention relates 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 for the pilot to know his exact 
position at all times. With this end in view, it has 
been proposed to set up differently located pairs 
of radio transmitters and for these transmitters 
to Send outpulses of radio frequency energy. The 
radio transmitters of each pair would be geo 
graphically spaced from each 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 
slightly different pulse repetition rates. Such a 
proposed System is presently used for military 
purposes and is known as the IRN system, the 
letters “IRIN” being thë abbreviation 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 
and 2 represent one pair of radio pulse trans 

mitters and stations 3 and 4 represent another 
pair of radio pulse transmitters. Transmitters l 
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, although it should be under 
stood that it is mot necessary that the stations 
of each pair have the Samle geographic Spacing as 
that of another pair. Transmitters and 2 are 
remotely located with respect to transmitters 
and 4, preferably by a distance appreciably great 
er than the distance between the stations ofeach 
pair...Stations, and 2 of one pair radiate short 
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 about 40 microseconds 
duration having a carrier of i.95 megacycles, 
these pulses recurring at a rate of twenty-five 
cycles per second. The time interval between the 
pulses radiated from the two stations of each 
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pair should be shorter than the time interwal b?+ 
tween periodically recurring pulses. Thus, if the 
time interval between pulses from each station f 
or 2 is about 40,000 microseconds, then the time 
interval between the pulses from the two Staa 
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 
i and 2 and might bè 2546 pulses per second, ala 
though the carrier frequencies of the pulses from 
the different pairs of stations may be the same 
(1.95 megacycles assumed above) or slightly difa 
ferent. The difference in the repetition rate of 
the pulses from the different pairs of stations is 
suficient for an observer om a 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 transmits 
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”, ?’ and D”, loa 
cated between radio pulse transmitters 3 and 4, 
are several of many loci along any one of which 
there is a fixed difference in distance between the 
two stations 3 and 4. The straight line E betweer 
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 respecs 
tive pairs is the same. 
An observer on a 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 f, 2; 3, 4 etc. 
and also the loci, and is also supplied with a real 
ceiver which can be tuned to alternately receive 
the pulses radiated from the different pairs of 
stations. This receiver is equipped with circuits 
for calculating the time required for the pulses 
from the stations of a pair to travel to the reas 
ceiver, and converting and swiftly registering or 
indicating this time. By tuning the receiver to: 
receive the pulses of a particular repetition rates 
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 a particular position of a particularloeus, 
let us say curve C, but he may not know 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, letus 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 ay learn that he is on locus A”. Since ioci C 
and A' intersect, at only one point P, the observer 
then knows his exact position om 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 Wiyi 
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. 
Amore detailed description of the invention foll 

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; 

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

Referring to Fig. 2 in more detail, there is 
shown a timing unit 0 supplying over leads , 2 
and 3 Wave forms a, b and c, respectively. These 
Wave forms are shown in more detail in Fig. 3. 
Wave form a comprises a series of non-overlap 
ping pulses A and B which periodically recur at 
the same repetition rate, for example, twenty-five 
tirnes per second. It should be noted that there 
is a small fixed time interval t between the puises 
Band 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, c whose pulses are of opposite polarity 
relative to each other. The pulses of Wave forms 
b and c are square in form, of equal length and 
annplitude, 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 
c lead by a small fixed amount the pulses B of 
curve a. The phase relations of these wave forms 
are adjustable in the tinning apparatus. The ap 
paratus in the timing unit 00 which produces 
wave forms a, b, c includes suitable means for 
synchronizing or locking-in the various circuits 
which 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 a of the timing unit is supplied 

over lead to a differentiator circuit of Which 
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converts the pulses in lead to the peaked wave 
form represented by d. The peaked Wave form d 
is then impressed upon the clipper anplifier T. 
which converts the positive and negative impulses 
of wave form di to negative impulses e. The out 
put of the clipper amplifier T 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 T6 is then in preSSed upon an impedance 
transformer tube T5 (Sometimes referred to as a 
cathode follower) which provides an output of 
Wave form g of Substantially the same form as 
Wave form f. The input to the impedance trans 
former tube is of high impedance, while the out 
put taken from the cathode of the tube is of low 
impedance. Wave form g is used to key a suit 
able radio frequency oscillator T4 which is pulsed 
to produce output pulses of radio frequency oscil 
lations shown by wave form h. 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. 
At this time it should be noted that the imped 

ance transformer T8 has impressed thereon the 
the output of a mixer 92, the latter in turn hav 
ing Supplied thereto pulses of wave forms b and c 
from the timing unit 08 over leads 2 and 3, re 
Spectively. The mixer 2 serves to increase the 
amplitude of either one of the Wave forms b or c 
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 c. By way of analogy, 
the mixer 2 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 to supply more 
cold Water or more hot Water. 
The impedance transformer T8 merely serves 

to Couple the connection from the mixer í 32 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 
pies an output having either one of the three 
Wave forms J, K or m, depending upon the input 
Supplied thereto by the mixer circuit 2. Thus, 
if the mixer circuit 2 minimizes the amplitude 
of the Square pulses of wave form b with Trespect 
to the amplitude of the square pulse from wave 
form C, the output from unit T3 will have a wave 
form shown by J. On the other hand, if the 
anplitude of the Square pulses of wave form a 
is increased by the mixer with respect to the arr 
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 O2, however, is ad 
justed so that the wave forms b and c 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 Sulp 
ply a 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 me, have a time apoea 
ance Which is identical with or registers with the 
time appearance of the pulse of wave form a in 
lead connected to the output of the timing unit. 
The output of unit T3 is impressed upon the 

gain control amplifier T2 which serves to ERŽEpif” 
the output of unit T3 and in turn impresses the 
amplified pulses of radio frequency energy upon 

o the power amplifier T. The output of the power. 
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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 a could be attenuated individually 
and continuously by means of the mixer to less 
than 1/100 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 
pulses 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 normalily 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 Said 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 series 
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, a utilization device, a vacuum tube 
having a 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 
Sarne amplitude, producing a series of unidirec 
tional 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 
irig Wiether or not said oscillator produces oscil 
lations, means for impressing upon said control 
eleinent 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 amplitude 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 between a pulse of one series and th? 
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adjacent pulse of the other series being shorter 
than the spacing between adjacent pulses of any 
one series, and means synchronized with respect 
to said: two series of pulses, for subsequently 
changing the relative amplitudes of said, two se 
ries of pulses while maintaining. the same repeti 
tionirate, and relative phase relation. 

9. A pulse transmission, system for simulating 
the conditions at a receiver adapted to receive 
pulses from differently located ptulse transmitting 
stations comprising means: for generating 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, an oscillator of alter 
nating current, a circuit for impressing upon said 
Oscillator two series of 3Ulses 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 amplitudes 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, a 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 
annplifier 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, 

20 

40 

65 

70 

75 

a connection, fron said: ; differentiator, to "said 
clipper amplifier, whereby said amplifieri produces 
pulses; whose duration is shorter than that of the 
periodically appearing waves of said source, a 
radio frequeney escillator under... control of said 
amplifier for producing"pülsesef rádio 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 system comprising a 
radio frequency oscillator, said oscillator 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 pairs 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 comprising 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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