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Patented Aug. 16, 1949 2,478,920 

UNITED STATES PATENT OFFICE 
PULSE SYSTEM 

Clarence W. Hansell, Port Jefferson, N. Y., as 
signor to Radio Corporation of America, a cor--- 
poration of Delaware 

Application August 4, 1943, serial No. 497,315 
(C. 250-9) . . . . 23 Claims. 

1. 
The present invention relates to improvements 

in radio broadcasting Systems. 
In employing conventional methods of com 

munication involving the use of continuous 
waves, it has been found that greater and greater 
difficulties are encountered in obtaining good 
transmitter and receiver frequency stability as 
higher and higher frequencies are utilized. When 
it is attempted to carry Conventional methods up 
to frequencies exceeding. Say 150 megacycles, it 
is found that the receiver circuits preceding the 
final detector must be very broad if the received 
signal is to be kept within the receiver paSS band. 
Since very high radio frequencies are limited in 
range to not much more than optical distances, 
equipment to utilize them must be inexpensive 
or it cannot compete with other forms of com 
munication for many applications. Therefore, 
the expenditure required to apply frequency con 
trol of extreme precision cannot be justified in 
Such cases. 

Because receiver paSS bands of conventional 
receivers must be made very broad, to allow for 
frequency variations of transmitters and receiv 
ers, a relatively great amount of noise is ad 
mitted. The noise, in turn, either limits the 
communication range or requires use of far 
greater transmitter power than would be required 
if frequency stability were not a problem. 
Long study and development of means to ob 

tain frequency stability has indicated that this 
line of attack has long since entered the phase of 
rapidly diminishing returns per unit of develop 
ment and construction cost. Therefore, some 
other approach to the problem has been indi 
cated. 
The present invention overcomes the foregoing 

difficulties by applying pulsing methods to broad 
cast communication at the extremely high radio 
frequencies. In the pulsing communication sys 
tem of the invention, only a relatively narrow 
modulation frequency band is required, and the 
transmitter power is radiated in relatively short, 
widely spaced, pulses of carrier current with 
power level during pulses increased in inverse 
proportion to the percentage time occupied by 
the transmitted pulses. If the pulses occupy say 
1% of the total time, then the power radiated 
during pulses may be 100 times the amount of 
power obtainable, continuously from continuous 
wave equipment of comparable size and cost. The 
pulses are received with a receiver having means 
to make itself responsive to received power only 
during time periods when transmitted pulses are 
due to arrive. This may be accomplished by syn 
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2. 
chronizing means similar in function to those al 
ready developed for television. In this way the 
effects of interference from other transmitters 
and of noise present during time periods between 
periods assigned to pulses of a particular trans 
mitter may be eliminated. Thus, pulse timing 
selectivity is substituted for frequency selectivity 
and, as a consequence, loss of signal to noise ratio 
due to Wide receiver pass bands, necessitated by 
radio carrier frequency stability, becomes a rela 
tively minor factor. 
In the system of the invention, modulation 

may be applied by modulating the amplitude, 
length or timing of the pulses. I prefer to modul 
late the timing of the pulses because of certain 
advantages possessed by Systems employing this 
method. One advantage is that the average 
transmitted power is substantially constant and 
unaffected by the presence or absence of modul 
lation. In this System, where the pulse ampli 
tude is constant, it is possible, by means of 
thresholding and limiting amplifiers at the re 
ceiver, to greatly reduce the effects of noise so 
long as the amplitude of pulse currents is more 
than twice the peak amplitude of noise. In the 
receiver, the rectified, amplified, thresholded 
and limited received pulses are delivered to suit 
able demodulating circuits. 
In the use of pulsing systems, there are two 

methods by which short pulses may be trans 
mitted. One is to let the transmitter feed rela 
tively constant power to a flywheel circuit and 
then to take power from the circuit in pulses by 
means of some sort of momentarily applied cou 
pling between the flywheel circuit and the an 
tenna. This permits obtaining peak pulse power 
nearly inversely proportional to the percentage 
time occupied by the transmitted pulses. Such 
an arrangement is described in my copending ap 
plication Serial No. 371,865, filed December 27, 
1940, now U. S. Patent 2,381,444, granted August 
7, 1945. Unfortunately, the flywheel circuit and 
momentary coupling arrangement is at present 
applicable at only rather low radio frequencies 
and low pulse rates because, up to the present, 
there are not commercially available coupling 
circuits and apparatus which can be controlled as 
rapidly as desired. However, there have been a 
number of experiments made which indicate that 
such a coupling can be provided by further de. 
velopment. A second method involving pulse 
transmission is to apply much more than normal 
potentials and currents to transmitter output 
tubes in short-relatively widely spaced pulses. By 
this means the instantaneous power dissipation 
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in the tubes may be increased approximately in 
inverse proportion to the percentage pulse time. 
Many types of vacuum tubes, particularly those 
With thoriated or oxide coated cathodes, are 
capable of carrying much higher electron cur 
rents than is normally permitted by heating in 
continuous wave service. Over a large range of 
potentials and currents, above rated values, 
many tubes will withstand pulse operation at 
peak power outputs enormously greater than the 
rated continuous wave output. In general, the 
operating efficiency of the tubes tends to increase 
with increasing potential and current because the 
tube impedance decreases while the load im 
pedance may be considered constant. As an ex 
ample, a tube operating at 50% anode circuit 
conversion efficiency and delivering an output of 
one watt on continuous waves might instead be 
pulsed with 10 times greater instantaneous anode 
current, which would result in 10 times greater 
output current and potential or about 100 times 
greater output power. 
The broadcasting system of the present inven 

tion employs a plurality of interconnected sound 
broadcasting stations each arranged to transmit 
the same pulse frequency, on the same radio car 
rier wave frequency, but at different non-over 
lapping times. The duration of the pulses of 
radio frequency energy is made to be short com 
pared to the time intervals between them, so that 3 
the different transmissions do not coincide in 
time even when the timing of pulses from indi 
vidual transmitters is being modulated. The 
pulse frequency is chosen to be higher than the 
highest modulation frequency, and in the case of 
speech modulation as contemplated herein, this 
pulse frequency might be 20,000 to 40,000 per 
second. I will assume in the following that it is 
25,000 per second. - - 
By way of example assume that, in a given city 

or service area it is desired to establish four radio 
broadcasting transmitters, each handling a dif 
ferent program. Assume further that, if conven 
tional amplitude modulation methods were used, 
frequency instability between transmitter and 
receiver, plus the frequency bands occupied by 
modulation, would require the use of receiver pass 
bands which are 2,500,000 cycles wide. According 
to prior broadcasting practice, the four transmit 
ters would then be assigned frequency channels 
spaced 2,500,000 cycles apart and would require 
a total frequency band of 10,000,000 cycles. 
The value of 2,500,000 cycles required band 

width for the receiver is arrived at as follows: 
In the present standard broadcastband, rang 

ing in frequency around 1,000,000 cycles persec 
ond, transmitting stations are placed-about 10,000 
cycles apart. At this frequency, the relative fre 
quency stabilities between transmitters and re 
ceivers is adequate. Perhaps low-priced receivers 
may be said to hold correct tuning within say 
plus and minus 1250 cycles or 0.125% of correct 
value, which may be considered good enough, con 
sidering that the listener-can retune occasionally. 
For this same percentage accuracy in holding 
correct tuning, we would expect the variations 
to be plus and minus 12,500 cycles at 10,000,000 
cycles, 125,000 cycles at 100,000,000 cycles and 
1,250,000 cycles at 1,000,000,000-cycles. The re 
quired band width at 1000 megacycles would thus 
be 2,500,000 cycles. This value of 2,500,000 cycles 
as the band needed at the receiver to keep a 1000 
megacycle pulse transmitter tuned is a reasonable 
one and is consistent with eurrent experience, 
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4 
mitters and receivers cannot at present benefit 
from years of development on frequency control 
at the lower frequencies. If each low priced re 
ceiver must be about 2,500,000 cycles wide to keep 
1000 megacycle transmitters tuned in, then the 
transmitters in any one area must, of course, be 
Spaced 2,500,000 cycles apart and four such trans 
mitters would occupy a total band of 10,000,000 
cycles. 

In accordance with the present invention all 
transmitters will be placed on the same radio 
carrier frequency (for example, 1000 megacycles), 
within some reasonable tolerance, but Will share 
time in accordance with the principles of time 

Thus the transmit 
ters will be assigned successive time positions 
within which they are allowed to operate and each 
transmitter will operate in pulses repeated at the 
rate of Say 25,000 per second, corresponding to 
an average time of 40 microseconds between Suc 
cessive pulses of each transmitter. The succes 
sively repeated time intervals assigned to each 
transmitter are then a maximum of 10 micro 
seconds in length. However, I propose that the 

5 length and wave form of pulses produced by each 
transmitter be such as to occupy nearly the whole 
frequency band of 10,000,000 cycles less 2,500,000 
allowance for frequency instabilities. They may, 
for example, be nominally 0.25 microsecond in 
length and have a waveform as nearly rectangu 
lar as the remaining 7,500,000 cycle frequency 
band will permit. Under these conditions pulses 
of each transmitter will occupy 0.625% of the 
time and the pulse power output of each trans 
mitter may be about 160 times the power output 
of a continuous wave transmitter of equivalent 
size and equal average power output. Each trans 
mitter may then be modulated in such a manner 
as to superimpose the nodulation upon the pulses. 
I might modulate the amplitude or the length of 
the pulses but I prefer to modulate the timing, 
or phase, of repetition of the pulses, while main 
staining the amplitude and length of pulses con 
stant. In the example given, the timing of pulses 
from each transmitter may be modulated from 
the average time position by as much as plus or 
minus 4.75 microseconds but, in practice, we may 
set a nominal limit of plus and minus 3.5 micro 
seconds, or less, for reasens which will be apparent 
later. 
To receive the Waves from each transmitter 

independently of the others, in the example of 
the invention given, a receiver will be used in 
accordance With the invention which is respon 
sive for time periods equal to or somewhat less 
than the operating time periods assigned to each 
transmitter, repeated in synchronism with the 
pulses of a selected transmitter. During respon 
sive periods, received power, first heterodyned to 
lower frequencies, then frequency band selected, 
and amplifier thresholded and limited, will be 
rectified to produce direct currents in the form 
ef nearly rectangular wave form pulses which 
are then passed on to a demodulator suitable for 
demodulating the type of modulation superim 
posed on the pulses. The resulting demodulated 
output power is obtained at modulation frequen 
cies which may be further amplified and utilized 
in the usual Ways. Thresholding and limiting 
devices at the receiver are used to very greatly 
reduce the effect of all noise power having lesser 
amplitudes than half the pulse peaks. 
By the expression 'pulse peaks' is meant the 

value of the signal pulse peaks in the circuits 
considering the fact that 1000 megacycle trans- 75 before thresholding and limiting. It will be evi 
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dent that if the threshold is set high enough to 
Cut off noise peaks, then the signal pulses must 
be higher than the noise, peaks to get through. 
However, When the pulses are present in the 
circuits they are modulated by the noise to an 
extent equal to the maximum of the noise peaks. 
The minima of the dips in pulse amplitude due to 
noise should not reduce the current through the 
limiter. Since limiting must always be at an 
amplitude above the threshold amplitude, it foll 
loWS that the signal current must be not less than 
twice the peak noise amplitude to obtain the full 
effect of thresholding and limiting. 
Compared with the conventional continuous 

Wave amplitude modulation system of the ex 
ample, such a System provides an overall signal 
tG noise peak power ratio improvement of about 
160 to 1. On each channel, in the receiver circuits 
prior to thresholding, limiting and demodulation, 
for a given size of transmitter apparatus, without 
an increase in the total frequency band required 
by the four transmitters. As a result of thres 
holding and limiting, When noise levels are not too 
high, the final improvement in effective signal to 
noise ratio may be much more than 160 to 1. 
Thus, four 50 kilowatt transmitters may be made 
the equivalent or better in results than four 8000 
kilowatt amplitude modulated transmitters by 
means of the invention, under the conditions 
a SSumed. . . . . . . . 

to explain and clarify the reasons for a signal 
to noise ratio improvement, as compared with the 
conventional amplitude modulation system, it 
may be noted that the necessity for widening the 
receiver paSS band beyond the minimum required 
for modulation, in order to allow for frequency in 
Stabilities, results in a proportional increase in 
both the r. n. S. and the peak values of combined 
radio frequency noise currents at the input to the 
demodulator of the amplitude modulation re 
ceiver. As a result, masking of the useful modula 
tion by the noise takes place at nearly porpor 
tionally higher signal current power levels. In 
other Words, Widening the receiver paSS band 
raises the mean power threshold level which must 
be exceeded by the signal carrier current power 
before the useful modulation can come through 
the denodulator with Small enough mutilation 
to be useful. This is the same kind of phenom 
enon as that which causes the “improvement 
threshold' noise level to rise in frequency modul 
lation receivers when the receiver pass band is 
Widened. 

in the pulsing System of the present invention, 
unlike frequency modulation systems, the in 
creased noise power within the pass of the re 
ceiver denodulator, as the pass band is widened, 
is balanced by a corresponding increase in trans 
mitter peak pulse power. Therefore, so long as 
the transmitted pulses are decreased in length to 
match the increased receiver pass band, and the 
pulse peak power increased to correspond, there 
is no rise in the mean or average improvement 
threshold power level as the receiver pass band 
is increased. Thus, in marked contrast to fre 
quency modulation Systems, there is no increase 
in the minimum required average power level to 
work through the noise as the frequency band 
occupied by the System is increased. 
Thresholding and limiting are fully effective in 

bringing about a great improvement in final 
signal-to-noise ratio in the output of the receiver 
of the present invention. So long a Speak noise 
currents do not reach above the threshold level 
during time intervals. When the transmitter power 
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6 
is off, or reach below the limiting level. Wher the 
transmitter power is on. In other words, so long 
as noise is not strong enough to affect the envelope 
of the carrier current pulse Wave form, after 
thresholding and limiting, then the effect of all 
noise currents is very greatly reduced. Under 
these conditions the only effect of noise is to 
cause Slight. Variations in the exact timing of 
transition from Zero to maximum, or maximum 
to Zero in the envelope wave form of current de 
livered to the rectifier which converts carrier 
current pulses into direct current pulses in the 
receiver. 

It will be noted that, so long as power from the 
Various transmitters does not arrive at the re 
ceivers during overlapping time periods within 
which the receiver is open, there can be no inter 
ference between transmitters. Even if energy 
from an undesired transmitter should arrive 
simultaneously with that of a desired transmitter 
While the receiver is open, no substantial inter 
ference need result So long as the combined 
currents from the undesired transmitter and noise 
do not reach half the amplitude of currents from 
the desired transmitter. Under this condition 
the thresholder and limiter Suppress nearly all 
interference. 
In practice, energy of undesired transmitters 

might. Occasionally arrive simultaneously with 
energy of a desired transmitter due to the in 
fluence of reflections of energy over longer paths, 
resulting in arrival of time delayed energy at the 
receiver, or due to arrival of energy from distant 
stations operating in the same frequency band 
but located in other service areas. However, the 
amount of this energy will usually be much less 
than that from the desired transmitter so that its 
effect Will be Sna. - 
In the practice of the invention, it is important 

to locate the time sharing transmitters which 
are in the Same service area, and on the same 
frequency as nearly as possible at the same local 
tion SO that they have nearly equal time delays to 
all receivers in their Service area. Otherwise, 
existence of unequal time delays may result in 
interference, or in loSS Of permissible pulse time 
swing due to modulation. 
The preferred arrangement is to load all the 

transmitters on the same antenna, in which case it 
is economical to use a higher and more direc 
tive antenna, which Will enlarge the Service area of 
all transmitters. This loading of all transmitters 
on one antenna, requires the use of Special cou 
pling and uncoupling circuit, operated Synchro 
nously with the transmitter pulses, which will be 
described later. 
A more detailed description of the invention 

follows, in conjunction with a drawing, wherein: 
Fig. 1 illustrates a radio broadcasting System 

having a plurality of interconnected broadcasting 
transmitting stations operating in accordance 
with the invention; 

Fig. 2 shows the pulse timing relations of the 
four transmitters for the condition of no modul 
lation; 

Fig. 3 shows the range of timing relations for 
the transmitters in greater detail than in Fig. 2; 

Fig. 4 is a block diagram of a receiver for 
use in the system; 

Fig. 5 illustrates, more or less in detail, circuit 
arrangements corresponding to the transmitting 
system of Fig. 1; 8 

Fig. 6 shows the wave forms and timing rela 
tions of currents in various parts of the system 
of Fig. 5; 
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Fig. 7 illustrates in greater detail the radio fre 
quency commutator arrangement of FigS. 1 and 5; 
and 

Fig. 8 illustrates more or less in detail circuit 
arrangements which may be used for the receiver 
of Fig. 4. 

Referring to Fig. 1, there is shown, in block 
diagram, an arrangement of four pulse type 
radio broadcasting transmitter stations. , 2, 3, 
and 4, each modulated by an independent 
sound program and all locked together So that 
their pulses occupy different time periods. All 
four transmitters are loaded on a common trans 
inission line TL and associated transmitting an 
tenna 5 through an automatic radio frequency 
current commutator 6 which, in effect, connects 
each transmitter to the line TT extending to the 
antenna, system only while that transmitter is 
providing pulse power output. 
The four transmitters include apparatus 

labeled respectively 4, 2, 3, and 4 for con 
verting pulsed direct current power to high fre 
quency power. These converters may be of the 
magnetron-osciliator type, particularly at fre 
quencies above 500 megacycles or they may be 
triode oscillators or amplifiers, particularly at 
frequencies below 500 megacycles. Each com 
prises associated rectifiers and pulse keyers or 
modulators well known in the art, particularly 
in radar Systems. 
To determine the pulse timing, there is a pulse 

frequency determining oscillator 2 which is 
common to all transmitters and which controls 
the operation of a pulse commutator. 22 Out of 
which come pulses spaced in time according to 
the desired average time spacing between pulses 
from the transmitters , 2, 3, and 4. Pulses 
from unit 22 are delivered in succession to pulse 
delay modulators 23, 24, 25, and 26. There is 
one such pulse delay modulator for each broad 
casting station, and the functions of these pulse 
delay modulators are to modulate the timing or 
phase of the output pulses from each of trans 
mitters , 2, 3, and 4 in accordance With its 
own particular program modulation. 
In order that there may be provided, at the re 

ceiver, some means for causing the receiver to 
choose, automatically, the desired Synchroniza 
tion needed for selecting one transmitter from 
the other according to predetermined receiver 
adjustments, the puising of the four transmitters 
is timed as though there were to be five trans 
mitters puising successively at uniform time in 
tervals, but pulses of the fifth transmitter are 
onnitted. This pulse timing relation is illus 
trated in Fig. 2, for the condition of no modula 
tion. 

Fig. 3 illustrates in more detail the conditions 
of operation of the pulses in channel 2, Which are 
typical of all the channels. The time interval 
assigned to the channel, at each repetition, is 
8 microseconds and it is assumed that the trans 
mitted pulse is 0.25 microSecond in length. The 
maximum degree of modulation of the pulse cor 
responds to changing its timing by plus or minus 
3.5 microSeconds. This leaves a time interval of 
0.75 microsecond for the receiver to Switch its 
gating system on or off, for choosing pulse power 
of only one transmitter at a time. In practice, 
the range of modulation and the available time 
interval for Switching the receiver may, of course, 
be adjusted for best results with currently avail 
able quality of equipment. 

For selectively receiving and demodulating the 
pulses of the transmitters of the system of Fig. 1, 
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8 
I employ a gated receiver illustrated in the block 
diagram of Fig. 4. This receiver comprises a 
high frequency amplifier 29 followed by a hetero 
dyne detector 30 supplied by heterodyning cur 
rent from heterodyne oscillator 3f. Interne 
diate frequency output energy from detector 30 
is amplified and limited in frequency band width 
in I.F. amplifier 32 and the resulting energy is 
rectified in pulse rectiver 33 then passed by keyer 
amplifier 33a, and demodulated in demodulator 
34. The output from demodulator 34, at audio 
frequencies, is then amplified in audio frequency 
amplifier 35 and delivered to loudspeaker 36. 
A portion of the output from pulse rectifier 

33 is delivered to the pulse. Selector 37 whose 
function is to select a particular timing-relation 
according to the empty time intervals illus 
trated in Fig. 2. Output from the pulse Selector 
37 is utilized to synchronize pulse Oscillator 38 
which pulses once for each cycle of rotation of the 
channels, in this case, according to the example 
given, at a rate of 25,000 pulses per second. 
*Output from oscillator 38 is passed through 

nanually adjustable pulse delayer 39 and pulse 
length adjuster 89a by means of which any de 
sired one of the four transmitters may be selected 
for reception and demodulation. Output from 
pulse delayer circuit and the pulse length adjuster 
39ct is used to key on and off the coupling from 
pulse rectifier 33 through keyer amplifier 33d to 
pulse demodulator 34, to render it operative for 
the time intervals occupied by only one trans 
mitter, excluding time intervals occupied by the 
other transmitters. 

In FigS. and 4. Some of the indicated parts of 
the System comprise components for performing 
functions which are connponents already known 
in the art and for which there are known alter 
native raeans available. However, in order to fa 
cilitate the practice of the invention, I Will show 
means for accomplishing the less well known 
functions and give references to prior disclosures 
of suitable means. 

In Fig. 5, I have shown a simplified circuit dia 
gram of the transmitting system which is illus 
trated in the block diagram of Fig. 1. At 2 I 
have shown What is sometimes called a multi 
vibrator oscillator which operates at a frequency 
equal to the combined pulse rates of the several 
transmitters plus the missing pulse of Fig. 2. If 
each transmitter is to pulse 25,000 times per sec 
Ond, and there are four transmitters, as illus 
trated, then oscillator 2 will operate at 25,000X5 
or 125,000 cycles per second. This multivibrator 
is So designed and adjusted that pulses of current 
through each anode to cathode circuit of the two 
triode electrode structures occupy half of the 
time. Thus, the oscillator flops from one unbal 
anced condition to the other 250,000 times per 
Second, remaining in each condition for half of 
the time. 
In those cases where great precision of pulse 

repetition rates is desired, the multivibrator os 
cillator 2 may be coupled to some standard fre 
quency Source of Sinusoidal current, such as a 
piezo-electric quartz crystal controlled oscillator, 
as iridicated, in order that the multivibratorioscil 
lations may be. Synchronized by the standard fre 
quency current. It is expected that commercial 
broadcasting Systerns serving many people will 
utilize this precise frequency control, whereas 
equipment for less important services will omit 
the precision pulse:frequency control. 
in Fig. 5, immediately above oscillator 2 is the 

pulse commutator 22. This commutator is:com 
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prised of five multivibrators A, B, C, D, and E of 
a special kind which spend much more time in 
one temporarily stable unbalanced condition than 
in the other. In the present example, each oscil 
lator will operate at a frequency of 25,000 cycles 
but will spend four times as much time with cur 
rent through one anode circuit than is spent with 
current through the other anode circuit. This 
inequality of time spent in one condition or the 
other is obtained by suitable selection and ad 
justment of the resistances and condensers asso 
ciated with the tubes. 

All of the five multivibrator oscillators of the 
pulse commutator 22 of Fig. 5 are coupled to 
gether in such a manner that, going from left to 
right and then back to the beginning, each Oscil 
lator is synchronized by the one preceding. Thus, 
While all the oscillators are most of the time un 
balanced in one direction there is a sort of wave 
of opposite unbalance running around the five 
oscillators in their cascaded or closed loop colu 
pling arrangement. The speed of this wave is 
determined first by the circuit constants in the 
circuits of the commutator and then more exactly 
by Oscillator 2 in such a manner that each suc 
cessive cycle of Oscillation in oscillator 2 causes 
flipping of a next Succeeding multivibrator 
around the coupled group of oscillators 22. 
As a consequence of the successive flip-flopping 

of the oscillators in pulse commutator 22, the 
pulse delay modulators 23, 24, 25, and 26 are each 
supplied with successive pairs of pulses which 
mark the beginning and end of the time intervals 
assigned to each of the four corresponding trans 
hitters. The first pulse of each pair, say to mod 
ulator 23, throws the modulator 23 to one condi 
tion of unbalance and the second pulse throws 
the unbalance back again, if the modulator cir 
cuit has not already restored or thrown itself 
back. 
The multivibrator pulse delay modulator 23, 

however, is so adjusted that, in the absence of 
modulation, it restores or throws itself back at a 
time half way between the two pulses from com 
mutator system. 22. This throwback governs, or 
provides, pulses delivered to magnetron transmit 
ter f to make it deliver to coaxial transmission 
line TL a short but powerful pulse of radio fre 
quency power. 

If modulation frequency energy is coupled into 
modulator multivibrator 23, as shown, then the 
time taken by the circuit to restore or throw itself 
back is modulated accordingly and we thereby 
produce modulation of the timing of pulses from 
transmitter . The other magnetron transmit 
ters 2, 3, and 4 produce pulses which are simi 
larly modulated. 
An outstanding virtue of the arrangement of 

Fig. 5 is that none of the modulators 23, 24, 25, 
and 26 can deliver pulses...to cause operation of 
its particular transmitter until after it receives 
the first one of the pair of pulses assigned to it 
from commutator 22, and similarly none can 
cause operation of its transmitter any later than 
the Second one of the pair of pulses. Thus there 
is no possibility of pulses of any one channel 
falling into time periods reserved for another 
channel. Instead, if excessive modulation input 
is applied to any one channel, the peak modula 
tion will be strictly limited to keep each pulse 
transmitter in its own assigned time period. 
Thus, while over-modulation can result in dis 
tortion in each channel it cannot cause inter 
ference between channels. 
In Fig. 5 the magnetron transmitters ( , 12, 
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3, and 4 are of the type described in my United 
States Patent application No. 470,768, filed De 
cember 31, 1942, now U. S. Patent 2,409,038, 
granted October 8, 1946. Only certain essential 
elements of these magnetrons have been shown 
for the sake of simplification of illustration. The 
field coil for producing the magnetic field has not 
been shown. The anode, it will be noted, is of the 
multi-target cavity resonator type, which is cou 
pled to an output circuit by means of a loop in 
One of the cavity spaces. However, it should be 
understood that any other type of pulse trans 
mitter in which radio frequency output pulses 
are produced in response to input control pulses 
may be used. Such transmitters are well known 
in radar and similar systems. 
Fig.6 graphically shows the wave form of 

currents in the several vacuum tube circuits of 
Fig. 5. With respect to time, including the effect 
of modulation, in order that the operation of the 
System of Fig. 5 may be better visualized. 
The automatic radio frequency commutator in 

dicated in Figs. 1 and 5 for coupling the several 
transmitters successively to the common trans 
mission line to an antenna is illustrated in greater 
detail in Fig. 7. In this arrangement the in 
ductively coupled output lead of each magnetron 
is separated from the antenna, transmission line 
TL, by a spark gap G. Each coupling lead is ad 
justed in length to make it resonant for the open 
circuit condition of the spark gap. As a result, 
when the magnetron is operating, a very high 
radio frequency potential may be built up across 
the spark gap, if necessary, to cause the gap to 
arc over. This gap spark-over potential may be 
large compared with the potentials developed at 
any time on the loaded transmission line TL to 
the antenna. 
At the same time that one magnetron is de 

livering pulse power through its particular spark 
gap, the other magnetrons are inactive and, due 
to absence of electron space charge, are some 
what mistuned from the transmitted frequency. 
As a consequence, the lead to each inactive mag 
netron presents a relatively high impedance at 
its spark gap and capacity coupling across the 
gap tends to build up potential at the end of the 
lead to reduce the potential across the spark gap. 
This, combined with the fact that the loaded 
transmission line does not rise to a very high 
potential while being fed with power from any 
one magnetron tends to discourage sparking 
across the gaps associated with the inactive 
magnetrons. Thus under suitable conditions of 
gap length, gas pressure in the gaps, and circuit 
adjustments, only that gap in circuit with an 
active magnetron will be short-circuited and 
nearly all the pulse power output of an active 
magnetron will be delivered to the antenna trans 
mission line TL. 
For still more positive commutation, obtainable 

with less care in adjustment, direct current pulse 
discharges may be superimposed on the radio 
frequency discharges in the spark gaps but this, 
of course, requires more equipment complication. 
There are many detail circuit arrangements 

which may be utilized to perform the functions 
indicated in the various units of Fig. 4. One 
detail arrangement is shown in the schematic 
diagram of Fig. 8 in which the parts have been 
numbered to correspond with the numbering in 
Fig. 4. 

Referring to Fig. 8, received signal power from 
the receiving antenna is delivered over a trans 
mission line T'L' to high frequency amplifier 29, 
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the transmission line being terminated in such 
a manner as to deliver Substantially maximum 
power, without reflection of waves back toward 
the antenna. Amplifier 29 has three main pur 
poses. One is to raise up the received signal 
power for obtaining an improvement in signal 
to receiver noise ratio by reducing the relative 
effect of anode circuit noise in heterodyne con 
verter or detector 30. Another purpose is to re 
duce the probability of radiation from heterodyne 
oscillator 3 reaching other receivers and a third 
purpose is to protect the receiver converter 30 
from the effects of interference from signals or 
noise far removed in frequency from the fre 
quency of the desired signal. 
Amplified signal output from amplifier 29 is 

combined with power from heterodyne Oscillator 
3 in the input to converter 30 as a result of 
which the power currents-beat together to pro 
vide output at an intermediate or lower frequency 
which is supplied to intermediate frequency 
(I. F.) amplifier 32, I have shown only one stage 
of amplification in 32 but it should be under 
stood that a number of stages may be used. The 
amplifier 32 with its one or more stages, raises 
the signal power to a relatively high level and 
limits the band of frequencies passed through it 
to a band only wide enough to paSS the signal 
pulses plus some additional band width to allow 
for mistuning and frequency drift between trans 
mitter and receiver. 
Output from I. F. amplifier 32 is delivered to 

pulse rectifier 33 where the I. F. carrier current 
pulses are converted into direct current. The 
pulse rectifier has two diodes in series which are 
So biased that no current foWS in either diode 
until output from I. F. amplifier 32 rises above 
the effective receiver noise level. In practice I 
would expect to adjust the bias so that none, or 
only a relatively small number of noise peaks 
cause any rectification. Thus the effect of re 
ceiver noise while no pulse is being received, is 
made zero or very Small. 

However, when currents above the peak noise 
level appear in the output of amplifier 32 the 
upper one of the two diodes passes-rectified cur 
rent and changes the control electrode potential 
of coupling amplifier 33a; Thus, signal pulses 
higher than the peaks of noise cause coupling 
amplifier 33a to pass on rectified or direct cur 
rent pulses from its output to pulse demodula 
tor 34. 

If now the pulse power increases to a value 
much greater than twicer the peak value of 
receiver noise, the lower of the two diodes in 33 
and the control electrode in coupling tube. 33a 
begin to pass current and to limit the peak pulse 
potential passed on by coupling amplifier 33d. 
Thus, so long as the signal pulses substantially 
exceed twice the peak amplitude "of noise in the 
output of I. F. amplifier 32, the amplitude of 
pulses delivered to demodulator 34 is substan 
tially constant and almost cleaned of the -effect 
of noise except on the ends of the pulses. 
A portion of the pulse, output from rectifie:S 

33 is delivered to pulse selector unit 3. Puise 
Selector 3 is a vacuum tube- which passes a pulse 
of anode current at each pulse delivered to it; 
These pulses of anode current tend to hold down 
the anode potential of the tube in pulse oscil 
lator 38 but, during the time interval of the 
missing pulse, illustrated in Fig. 2, the anode 
potential rises to a relatively higher value and 
this results in pulse oscillator 38 being syn 
chronized by the missing pulse. 
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Pulse oscillator 33 then pulses at a rate of 25,000 

per Second in Synchronism with the repetis 
tio; of the raissing pulse period of the transriitter 
Systein. Preferably oscillator 38 is adjusted so 
that, by itself, under the conditions of operation, 
it will pulse at a rate only slightly less than 
25,069 per Secoid and the effect of the rissing 
pulse, through pulse selector 3 will be not too 
much greater than is required to bring the oscil 
lator into Synchronism. This will minimize effect 
of transiinitter modulation upon the timing of 
the pulses of oscillator 38, which should not be 
capable of responding to the Synchronizing force 
of Seiector 32 except at a rate less than the lowest 
2nodulation frequency. 

Pulse output frorn unit 33, synchronized by the 
missing guise illustrated in Fig. 2 is now passed 
through a hantially adjustable pulse delayer 39. 
This is a type of multivibrator or flip-flop cir 
cuit combination which tends to remain per 
Isaanently unbalanced in one direction until the 
balance is thrown to the other direction by pulses 
from unit 38. After being thrown to the tem 
orarily unbalanced direction or coradition by the 

puses froin unit 38, the circuit S9 Will restore 
itself suddenly to the normal direction or condi 
tion after a time delay which is adjustable by 
adjustiig the circuit constants. This adjustment 
is to be made by the operator, either by switching 
circuit elements in and out which have been pre 
adji:sted, or by rotating a dial which changes the 
circuit constants. This time delay adjustment 
is the operator's means for selecting or "tuning 
in' airly one of the four transmitters to the exclu 
sion of the others. 
When circuit 39 restores itself to its normal 

condition, it pulses a similar circuit 39a, the funce 
tion of which is to produce Square wave inpulses 
of a length corresponding to the time periods 
assigned to each transmitter, in this case about 
8 microseconds as illustrated in Fig. 3. This is 
accomplished by letting short pulses from unit 
39 throw the unbalance of circuit 39.a. from the 
permanently (i.e., normal) to the temporarily 

5 unbalanced condition and then adjusting the cir 
cuit constants of 33d, until it automaticaily re 
stores or throws itself back again after the de 
sired 8 microsecond time interval. 
While unit 3 So, is in its temporarily unbalanced 

condition it renders coupling tube amplifier 33a 
operative so that it will pass any pulses arriving 
during the selected 8 nicrosecond time periods 
bit reject or block all other pulses. Thus I de 
liver to demodulator 33 only those pulses pro 
duced by a selected one of the four transmitters 
of Fig. 5. 
At the same time, the beginning of the rec 

tangular wave pulse from 39c into 330 throws 
the balance of dencdulator circuit 34 in one 
directio.2 where it remains until a signal pulise 
from 33d throws it back again. Since the tinning 
of the Signal pulse is varied by modulation it 
follows that the percentage of time spent by de 

70 

75 

nodulator circuit 34 in one unbalanced condition 
or the other is modulated so that the average 
currents to the two anodes of the vacuum tube 
of demodulator 35 are differentially modulated. 
This produces modulation frequency output cur 
rent which is delivered to audio amplifier 35 out 
put from which operates the loudspeaker of the 
receiver. 
In the operation of Fig. 8 in more detail, square 

Wave pulse oscillator 39a delivers a relatively posi 
tive square wave of potential to a control elec 
trode of coupling tube amplifier 33a throughout 
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the 8 microsecond time periods assigned to recep 
tion of a particular transmitter. This positive 
square wave of potential cannot reach the cir 
cuits of demodulator 34 because of the condenser 
shown in the coupling lead from oscillator 39a to 
demodulator 34. However, the beginning of the 
positive potential delivered to 33d does cause a 
short positive pulse of potential to be delivered 
to demodulator 34 and this short pulse throWS 
the balance of the flip-flop circuits of 34 to a 
condition such that the left anode, as seen in 
Fig. 8, carries current and the right anode none. 
Now, if a signal pulse.comes into the receiver, 

it will cause the rectifiers 33 to deliver a positive 
pulse of potential to a control electrode of cou 
pling tube amplifier 33a, causing it to paSS a pulse 
of anode current. The pulse of anode current 
will result in a relatively negative pulse of poten 
tial on the anode and this negative pulse is de 
livered through a coupling condenser to demodu 
lator 34. 
demodulator 34 to reverse its unbalanced condi 
tion so that the right anode will carry current 
and the left anode will have Zero current. This 
last unbalanced condition will continue until the 
oscillator 39a delivers a pulse to demodulator 34 
of a polarity to throw the balance again. Before 
this happens, oscillator 39a will have delivered 
a negative pulse to demodulator 34, at the end 
of the square wave potential wave delivered to 
coupling tube amplifier 33a but this negative pulse 
will have no effect on the demodulator because 
the negative signal pulse already will have thrown 
the balance. 
Thus, the beginnings of square wave pulses 

from synchronized oscillator 39a throw the bal 
ance of demodulator 34 in one direction at con 
stant time intervals and, in between, the Signal 
pulses throw the balance back. The signal pulses, 
although they are repeated at the same average 
rate as the pulses from 39a, are modulated in 
timing by the input to the transmitter which is 
being received. Therefore the time interval after 
oscillator 39a throws the balance of 34 before the 
signal pulse throws the balance back, is modul 
lated. As a consequence, the average currents to 
the two anodes of demodulator 34 are varied or 
modulated differentially, in 
useful modulation. 
The average currents, after filtering to remove 

higher frequency components of variations, con 
tain a differential A-C. component of current 
which is the useful modulation current and this 
is amplified in audio amplifier 35 to drive the 
loudspeaker. 

accordance With the 

lator 38 may be synchronized by pulse selector 
37 through a long time constant synchronizing 
system of the kind described by Wendt and 
Redendall in an article entitled, “Automatic fre 
quency and phase control of synchronization in 
television receivers,'. Proceedings. The Institute 
of Radio Engineers, vol. 31, No. 1, January 1943. 
Another alternative scheme of operation is to 

operate the transmitter next preceding the blank 
space of Fig. 2 normally without modulation so 
that its pulses, followed by the blank space, more 
or less rigidly control the frequency and timing 
of oscillator 38. In this case, when the pulses of 
this normally unmodulated transmitter are mod 
ulated the modulation will be heard in all the re 
ceivers adjusted to reception of the other trans 
mitters. Such a scheme of operation reserves the 
one transmitter for synchronizing and for the 

This causes the fip-flop circuit of 
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should be heard by all listeners. In war time, for 
example, it may be utilized for air raid warning or 
for other purposes of an urgent nature which must 
reach a maximum number of people. 
What is claimed is: 
1. A radio broadcasting system comprising a 

plurality of radio broadcasting stations operating 
Sequentially over a common wave radiating struc 
ture and from different transmitters, each of said 
stations having a keyed radio frequency oscillation 
generator circuit adapted to transmit program 
modulated power in the form of short pulses of 
high frequency energy, a common source of con 
stant frequency energy controlling the operation 
of said different broadcasting stations to cause 
them to transmit pulses of the same repetition 
rate, and a delay circuit between the keyed radio 
frequency circuit of each of said broadcasting 
stations and said common source, said delay cir. 
cuits giving different time delays for the different 
broadcasting stations, whereby the pulses trans 
mitted from the different stations occur at differ 
ent time intervals. 

2. A radio broadcasting system comprising a 
plurality of radio broadcasting stations operating 
Sequentially over a common antenna, from differ 
ent transmitters, each of said stations having a 
keyed radio frequency oscillation generator cir 
cuit adapted to transmit program modulated 
power in the form of short pulses of high fre 
quency energy, and a common constant frequency 
pulse Oscillator controlling the operation of said 
different broadcasting stations to cause them to 
transmit pulses of the same repetition rate. - 

3. A radio broadcasting System comprising a 
plurality of radio broadcasting stations operating 
Sequentially over a common wave radiating struc 
ture and from different transmitters, each of said 
stations having a keyed radio frequency generator 
adapted to transmit program modulated power in 
the form of short pulses of high frequency energy, 
a pulse producing circuit for keying the radio fre 
quency generator, and means for connecting the 
pulse producing circuits of all of said broadcasting 
stations to a common source of sinusoidal waves 
of constant frequency, said common source con 
trolling the operation of said pulse producing cir 
cuits to cause them to produce pulses of the same 
repetition rate. 

4. A radio broadcasting system comprising a 
plurality of radio broadcasting stations operating 
Sequentially over a common wave radiating struc 
ture and from different transmitters, each of said 
stations having a keyed radio frequency generator 
adapted to transmit program modulated power 
in the form of short pulses of high frequency 
energy, a pulse producing circuit for keying the 
radio frequency generator, means for connecting 
the pulse producing circuits of all of said broad 
casting stations to a common source of sinusoidal. 
Waves of constant frequency, said common source 
controlling the Operation of said pulse producing 
circuits to cause them to produce pulses of the 
Same repetition rate, and an adjustable time delay 
circuit associated with each pulse producing cir 
cuit, Said delay circuits being adjusted to give 
different time delays for the different stations, 
Whereby the pulses from the different stations oc 
cupy different time periods, 

5. A radio broadcasting system comprising a 
plurality of different radio transmitters and serv 
ing the Same area, each of said transmitters hav 
ing a keyed radio frequency generator adapted to 
transmit program modulated power in the form of 

transmission of very important information which 75 pulses of high frequency energy which are short. 
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Compared to the time intervals between them, a 
common source of constant frequency energy for 
controlling the pulse rates of said different trans. 
mitters, the frequency of said common source be 
ing appreciably higher than the highest modula 
tion frequency, a common antenna, and means 
for periodically assigning said common antenna, 
to said transmitters on a time division basis. 

6. A radio broadcasting system comprising a 
plurality of radio broadcasting transmitters which 
transmit individual programs by means of pulses 
of high frequency energy which are short com 
pared to the time intervals between then, each of 
said transmittters including a radio frequency 
generator, the repetition rate of the pulses for the 
different transmitters being the same, the pulses 
from the different transmitters occupying differ 
ent time periods, a common radiating circuit for 
all said stations, a transmission line section of 
predetermined length and a spark gap in series 
therewith for coupling each transmitter to said 
COInnon radiating circuit only when said trans 
mitter is providing pulse power output. 

7. A radio broadcasting system comprising a 
plurality of radio broadcasting transmitters which 
transmit individual programs by means of pulses 
of ultra high frequency energy of substantially 
the same carrier frequency and which pulses are 
short compared to the time intervals between 
then, means coupled to said stations for assuring 
that the repetition rate of the pulses for the differ 
ent transmitters is the same but appreciably 
higher than the highest modulation frequency and 
that the pulses from the different transmitters 
occupy different time periods, each of said trans 
mitters including a radio frequency generator, and 
means for modulating the tinning of the pulses 
from said transmitters over a limited range while 
maintaining the amplitude and length of said 
pulses constant. 

8. A radio broadcasting system comprising a 
plurality of radio broadcasting transmitters which 
transmit individual programs by means of pulses 
of high frequency energy which are short com 
pared to the time intervals between them, the 
repetition rate of the pulses for the different 
transmitters being the same, the pulses from the 
different transmitter's occupying different time 
periods, a common radiating circuit for all of said 
transmitters, each of said transmitters including 
a radio frequency generator, means including in 
dividual transmission line sections of predeter 
mined length and individual spark gaps in series 
With Said Sections for coupling any one of said 
transmitters to said common radiating circuit 
only When Said one transmitter is providing pulse 
power output, and means for superimposing mod 
ulation. Upon the pulses from each transmitter in 
accordance with the intelligence to be trans 
mitted. 

9. A radio broadcasting System operating on the 
time division principle, comprising a plurality of 
radio broadcasting transmitters, each of said 
transmitters having a keyed radio frequency gen 
erator, means for applying speech modulation to 
each of Said transmitters, whereby said transmit 
ters send out individual speech programs by 
means of pulses of ultra high frequency energy 
Which are short compared to the time intervals 
between them, the repetition rate of the pulses for 
the different transmitters being the same but ap 
preciably higher than the highest modulation fre 
quency, a common load circuit for all of said 
transmitters, and means for causing the different 
transmitters to produce pulses occupying different 

6 
non-overlapping time periods, said means includ 
ing a pulse delay modulator for each translitter 
upon Which is in pressed a particular speech pro 
gram to be broadcast by its associated station, 
and electronic Switching circuits for rendering said 
transmitters sequentially operative. 

10. A radio broadcasting system comprising a 
plurality of radio broadcasting transmitters, 
means for applying speech modulation to each of 
Said transmitters, whereby said transmitters send 
out individual Speech programs by means of pulses 
of substantially the same carrier frequency and 
which pulses are short compared to the time in 
tervals between them, the repetition rate of the 
pulses for the different transmitters being the 
Same but appreciably higher than the highest 
modulation frequency, a common load circuit, for 
all of Said transmitters, and means for causing the 
different transmitters to produce pulses occupying 
different time periods, said means including a 
pulse delay modulator for each transmitter upon 
Which is impressed a particular speech program to 
be broadcast by its associated station, and elec 
tronic Switching circuits for rendering said trans 
mitters sequentially operative, and means includ. 
ing a transmission line and spark gap arrange. 
ment individual to each transmitter for coupling 
a transmitter to said common load circuit only 
When Said transmitter is providing pulse power 
output. 

11. The combination with a radio broadcasting 
System comprising a plurality of radio broadcast 
ing transmitters which transmit individual pro 
grams by means of pulses of high frequency energy 
of Substantially the same carrier frequency and 
Which pulses are short compared to the time in 
tervals between them, the repetition rate of the 
pulses from the different transmitters being the 
Sane, each transmitter including a radio fre 
cluency generator, and means for causing said 
transmitters to function periodically at different 
non-Overlapping time intervals, a common wave 
radiating structure for said transmitters adapted 
to be effectively coupled at different times to said 
transmitters; of a receiver which is reSponsive at 
the repetition rate of the transmitted pulses but 
for time periods not exceeding the operating time 
periods assigned to each transmitter. 

12. A communication system comprising a 
Single antenna, and a plurality of channels 
adapted to be operatively connected to said ain. 
tenna at different non-overlapping times, each of 
Said channels including a radio frequency gener 
ator for producing pulses of high frequency en 
ergy and telephonic equipment for modulating 
the timing of said pulses, the high frequency en. 
ergy produced in all of said channels having sub 
stantially the same frequency, the pulses produced 
in each channel having the same repetition rate. 

13. A communication system comprising a 
Single antenna, and a plurality of channels 
adapted to be operatively connected to said an 
tenna at different non-overlapping times, each of 
Said channels including a radio frequency gen. 

65 erator for producing pulses of high frequency 
energy Whose duration is short compared to the 
time interval between them, the high frequency 
energy produced in all of said channels having 
Substantially the same frequency, and telephonic 

70 equipment for modulating the timing of said 
pulses, the pulses produced in each channel hav. 
ing the Same repetition rate. 

14. In a radio communication system, a plu 
rality of independent channels each having tele 

75 phonic modulation equipment and a radio fre 
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quency generator, the generators in said channels 
producing substantially the same carrier fre 
quency, a common source.of pulses for producing 
pulses which are short compared to the time in 
tervals between them, means for assigning the 
output from said source to the generators in said 
channels in succession, to thereby enable the pro 
duction-of pulses of radio frequency energy in said 
different. channels at different time intervals, a 
common load, and a radio frequency commutator 
for coupling the radio frequency generators of 
said different channels to said common load at 
different non-overlapping times. . . . . . . . . . . 

15. A radio broadcasting system comprising a 
plurality of radio broadcasting stations operating 
Over the same Wave radiating structure and fron 
different transmitters, each of said stations having 
a keyed radio frequency generator circuit adapted 
to transmit program modulated power in the form 
of short pulses of high frequency energy, the high 
frequency energy transmitted by the different sta 
tions having the same frequency, and a common 
source of constant frequency energy controlling 
the operation of Said different broadcasting star 
tions to cause them to transmit pulses of the same 
repetition rate, and a common antenna, for said 
different transmitters. 

16. In a multiplex Systeinn comprising a plurality 
of channels sequentially assigned to the same 
transmission medium, Said channels containing 
signals in the form of short pulses modulated in 
phase, means for selecting and demodulating the 
phase modulated pulses in one of Said channels, 
Said means including a flip-flop circuit having two 
Conditions of stable unbalanced equilibrium, 
means to throw this circuit to one unbalanced 
condition at the beginning of repeated time 
periods assigned to the Selected channel, means 
responsive to signal pulses to throw the circuit 
back to its other unbalanced condition after time 
intervals varied by the modulation of the chosen 
channel, and means responsive to the proportion 
of time Spent by the circuit in one or the other of 
its two conditions for deriving modulation fre 
quency currents. 

17. A radio broadcasting System comprising a 
plurality of radio broadcasting transmitters, 
means for applying Speech modulation to said 
transmitters, whereby said transmitters send out 
individual Speech programs by means of pulses 
which are short compared to the time intervals 
between them, each transmitter including a radio 
frequency generator, the repetition rate of the 
pulses for the different transmitters being the 
Same but higher than the highest modulation fre 
quency, means coupled to and controlling the 
transmitters to produce pulses which occupy 
different time periods, a common load circuit for 
Said transmitters, and means for effectively 
coupling each of Said transmitters to said load 
circuit only during the active pulse producing 
period of the transmitter. 

18. A radio broadcasting System comprising a 
plurality of broadcasting stations transmitting 
pulses of ultra high frequency energy, each of 
said stations including a magnetron OScillation 
generator, pulse producing means coupled to the 
generators of said stations, and sequentially Sup 
plying pulses thereto for controlling said gener 
ators to produce pulses at the same repetition rate 
but at different non-overlapping time intervals, 
and a circuit individual to each of said first means 
for modulating a characteristic of the pulses em 
ployed to control the respective megnetron. 

19. A radio broadcasting system comprising a 

18 
plurality of broadcasting transmitters producing 
pulses of radio frequency energy of the same car 
rier frequency, the pulses produced by each trans 
mitter being short compared to the time intervals 

is between adjacent pulses, each of said transmitters 
including a radio frequency generator, means for 
causing the pulses from different transmitters to 
have the same repetition rate but occurat differ 
ent, non-overlapping times, and a common Wave 

10 radiating structure for said transmitters. 
20. A radio broadcasting system comprising a 

plurality of simultaneously operating broadcast 
ing stations producing pulses of high frequency 
energy, means for causing the pulses from Said 

5 stations to have the same repetition rate but to 
occur at different non-overlapping times, means 
for modulating the timing of the pulses produced 
by each broadcasting station, and a common an 
tenna, for said stations. 

20 21. A radio broadcasting system comprising a 
plurality of radio broadcasting transmitters hav 
ing a common wave radiating structure, each of 
said transmitters having a radio frequency gen 
erator and means for keying said generator to 

25 produce program modulated power in the form 
of short pulses of high frequency energy, and a 
common source of constant frequency energy for 
controlling the operation of the said different 
broadcasting transmitters to cause them to trans 

30 mit pulses of the same repetition rate. 
22. A radio broadcasting System comprising a 

plurality of broadcasting transmitters producing 
pulses of radio frequency energy at the same repe 
tition rate, the pulses produced by each trans 

5 mitter being short compared to the time inter 
vals between adjacent pulses from the same 
transmitter, each of said transmitters including a 
radio frequency generator and means for modul 
lating the time of the pulses produced by Said 
transmitter, the pulses from the different trans 
mitters occurring at different non-overlapping 
times, and a common Wave radiating structure for 
said transmitters. 

23. A radio time division broadcasting System 
45 comprising a plurality of radio broadcasting 

transmitters which transmit individual Speech 
programs by means of pulses of substantially the 
same high frequency carrier and which pulses are 
short compared to the time intervals between 

50 them, the repetition rate of the pulses for the 
different transmitters being the same but at least 
twice as high as the highest modulation fre 
quency, the pulses from the different transmitr 
ters occupying different non-overlapping time 

55 periods, each of said transmitters including a 
radio frequency generator and means for apply 
ing modulation representative of speech to the 
generator; and a common radio frequency current 
carrying line sequentially assigned to the outputS 

60 of said generators. 
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