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1

My invention relates to radio communication
systems or the like, and particularly to radio
communication systems in which signals are
transmitted by means of pulses.

Tt is an object of my invention to provide a
new and improved method of and apparatus for
the transmission of signals of the above type
- which results in a substantial saving in power
. input for a-given power ouiput or a substantial

increase in the power output for a given power

input to such a transmitter, as compared with
more conventional transmitting systems, without
impairing receiver operation.

The novel features which are considered to be
characteristic of my invention are set forth with
particularity in the appended claims. My in-
vention itself, however, both as to its organiza-
tion and method of operation together with fur-
ther objects and advantages thereof may best be
understood by reference to the following descrip~
tion taken in connection with the accompanying
drawing in which Figs. 1 to 3 illustrate in block
form radio transmitters embodying the principles
of my invention, and Figs. 4 to 8 inclusive are
curves illustrating the theory of operation of my
invention. : ) :

Pulse systems of radic communication have
been proposed hitherto. Such systems have been
operated at relatively high frequencies as for
example 500 to 3000 megacycles because of the
preemption of lower frequencies for other ser-
vices, because of difficulties in obtaining suffi-
cient band width at lower frequencies, and also
because directional transmission of signals, or
“heamning,” has been required in some applica-
tions. The pulse system of radio fransmission
enables a relatively high instantaneous voltage
and power to be safely utilized, resulting in a
favorable signal-to-noise ratio, without seriously
overloading available types of electron discharge
tubes. Moreover, the transmission of pulses is
advantageous for other uses such as the detec-
tion of distant objects, range finding, and -the
like,

Hitherto relatively square pulses have been em-
ployed in high frequency, high power audio
transmitters. It can be shown that the opera-
tion of & receiver is not adversely affected by
the transmission of triangular pulses instead of
square pulses if the same peak power is main-
tained. A comparison of pulse shapes shows that

for a square pulse of given width and for sub- .

stantially the same receiver performance, 30%
more power is necessary for transmission than
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but- whose -base is twice the width of the square
pulse is used to modulate the carrier. In other

-words, the same receiver performance may be

obtained at a 30% saving in input power or, for
5 given input power to the transmitting system,
a 30% increase in.receiver performance or Ie-
ceived signal may be obtained if triangular
pulses are used rather than the relatively square
pulses hitherto employed.

in Fig. 1 of the drawing, there is illustrated in
block form the component parts of a radio trans-
mitter suitable for the impression of substantially
triangular pulses on an antenna and typical pulse
shapes at different parts of the system. Means
for producing a succession of discrete substan-
tially square impulses is provided. For example,
a square wave generator 10 of any desirable type,
such as a multivibrator and a suitable clipping
circuit may be used. The square pulses are passed
through a low pass network or filler {1 which
transforms the pulses into triangular shape in
accordance with principles explained hereinafter.
Such pulses are then used to modulate a carrier
wave obtained from a source of high frequency
oscillations such as a master oscillator 12. The
modulated carrier may be applied to the antenna
13 either directly or through a power amplifier.
The transmission of the high frequency oscil-
lations is thus controlled by the extent and du-
ration of the impulses. Modulator and power
amplifier are grouped in a single block indicat-
ed by the numeral 14.

It may be desirable to modulate a carrier wave
by means of a sub carrier. In Fig. 2 there is il-
lustrated a system in which square waves from
a suitable generator G are transformed into tri-
angular pulses in a low pass filter Il and used
to modulate a sub carrier from a source of high
frequency oscillations or sub carrier generator
15. The modulator is indicated by the block
(6. Up to this point the system arrangement is
the same as that shown in Fig, 1. However, in-
stead of impressing the modulated signals on the
antenna 13, the signals are used to modulate the
main carrier from a second source of high fre-
quency oscillations, or main carrier generator
11, as indicated by the block I8.

In Fig. 3 there is illustrated a system similar
to that of Fig. 2 except that the square waves
from generator 10 modulate the sub carrier and
then are transformed into triangular form by
means of a suitable band pass filter 18,

The conversion or transformation of square
waves or pulses fo triangular pulses rests upon

if a priangqlar pulse_of the same peak voltage 55 the following theoretical principles, the prac-
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3
tical application of which is illustrated in Pigs.
4 1o 8, inclusive.
Fig. 4 represents an idealized relationship be-
tween the filter transfer factor A (which is de-
fined as the ratio of the output voltage of the

filter to its input voltage), plotted as ordinates, -

and frequency, plotted along the abscissa. In Fig,
4, the transfer factor A is constant from zero fre-
quency to the cutoff value wo of the circular fre-
quency of the filter 4. »
Fig. 5 represents an idealized relationship of
the phase angle ¢ between inpu and output volt-
ages of the filter #{, plotted as ordinates, to
frequency, plotted along the abseissa, .. .
Figs. 6, 7 and 8 illustrate the manner in which
the square pulses are transformed or converted
into the desired shape or form.  In Figures 6 and

-10

15

7 the ordinate represents the output voltage of

the filter and Fig. 8 the input voltage of the filter.
The curves of Figs. 6 and 7 represent the rise
and decay of the output voltage after applica-
tion to the filter of pulses such as those shown
in Fig. 8. The abscissa in Figs. 6,7 -and 8 repre-
sents time. Particular instants of time are rep-
resented by the vertical dot-dash lines running
through Figs. 6, 7 and 8 and designated t1, 2; etc.
The scale for both voltage and time is the same
in each figure. More particularly, Fig, 6 repre-
sents a typical transient curve when a voltage Eo
is applied to the filter 11,  Fig. 8 illustrates square
pulses of different widths which can be derived
from a square wave generator. The width of the
bulses generated depends upon the choice of
circuit constants for the square wave generator
and since means for establishing desired pulse
widths is well known, no detailed description is
required. Fig, 7 depicts the pulses of Fig. 8 after
passage through a filter section of the type shown
in Figs. 1,2 and 3. As will be clear from the fol-
lowing explanation, the pulse shapes of Fig. 7
are only approximations which, however, are ac-
curate for all practical purposes.

Referring to Fig. 1, the voltage relationship
between the input and outpubt voltages of the
network {4, assuming steady-state, sine-wave
operation, is given by: :

By=A(w)ein@ @

in which Er and E: are the sine wave input and
output voltages, respectively, A(w) represents the
transfer factor as a function of w;  is equal to
27f in which f is the frequency of the impressed
voltage, i is equal to V—1, a¢(w) is the transfer
angle as g function of w, and # is time.

Let a voltage of magnitude o be suddenly
applied to this network. The resulting voltage
transient can be represented mathematically by
the equation:

B [+ d_“’ez'

B=ori)ee o

vt ®
where. Ei is the voltage as s function of time.
Then the expression for the voltage at the output
of‘the network can be written:

By < Adw .

Let it be assumed that the transfer factor A
has a constant value up to a frequency w=wo and
is zero for greater values of frequency, as shown
in Fig. 4, and that the phase angle is a linear
function of frequency over the bass band from
zero frequency to a frequency w=—=wo as represented
inFig.5. If Equation 3 be integrated under these
conditions, the transient curve of the output
voltage Ey is substantially ag represented by the
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solid line T7 in Fig. 6. The slope of the curve
is determined by the characteristics of the filter
system {i." For all practical purposes, the dis-
tance between the intersection of a line which
is tangent to the center part of the slope of the
transient curve Tr with the initial and final values
of voltage represents reasonably accurately the
time of duration of the transient or the transient
time T. From Equation 3 it can be shown that
the distance T between these intersections has
the value of approximately

where
=%
2r
is the cut-off frequency of the filter. In Fig. 6,

the origin represents the initial value of voltage
and the horizontal dot-dash line represents the
final value of voltage. For hearly all calculations
of transient time in transmission systems this ap-
proximation may be substituted for the actual
transient with sufficient accuracy for all prac-
tical purposes. :

If at time %4, the signal or pulse is terminated,
8 Voltage transient similar to Tr results except
that the voltage decreases with time and the in-
tersections of a tangent to the center portion of
the decreasing transient curve with initial and
final values of voltage indieates the time dura-
tion of the second transient as indicated by the
line.Trs in Fig. 7.  Prom the foregoing it is seen
that the resulting pulse, indicateq by the numeral
4 in Pig. 7, is substantially triangular, although
actually rounded at the corners.

A study of Figs. 6, 7 and 8 of the drawing in-
dicates that for maximum voltage output the
width of the pulse should be such that the de-
creasing transient begins at the instant that the
increasing transient reaches its maximum value,
In other words, if a pulse of width t1—Zs as indi-
cated at 4’ in Pig. 8 is utilized, the increasing
transient Tr; and the decreasing transient Trs
combine to provide s resultant bulse, triangular
in shape and having a base twice that of the
pulse 4/, as indicated at 4 in Fig, 7. If the dura-
tion of the pulse is made shorter than that of
pulse 4’, the transients of the beginning and end
portions of the pulses overiap; that is, the de-
creasing transient begins before the increasing
transient has reached its peak and the resultant
of the transients is a flat topped pulse. For ex-
ample, if the square pulse width is only that indi-
cated at 2" in Fig. 8, the output bulse is deter-
mined by the resultant of transients Tr; and Tra
as indicated at 2 in Fig. 7. This bulse has a base
width four times that of the square pulse 2’ and
the maximum voltage of this trapezoidal pulse is
much less than the maximum voltage of the tri-
angular pulse 4. Thus, graphical addition meth-
ods show that the maximum amplitude of the sig-
hal is materially reduced if the pulse width is
less than that of the pulse 4’ snd an increase of
the pulse duration up to time ts results in in-
creased signal strength at the output of the filter.
If the pulse duration is longer than that of pulse
4’, as indicated- at 5 of Fig. 8, a flat top pulse
whose base width is one and one-half times that
of the square pulse results as indicated by the
numeral § in'Fig. 7. A fat-topped pulse is un-
desirable and unnecessary because the flat portion

. of the wave or pulse conveys no intelligence,

Thus beyond the point indicated by %4, no in-
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crease of signal intensity is obtained and the
optimum pulse duration is fi—ts or T. )

_ In the case of band pass filters passing a modu-
lated carrier, analogous conditions exist,

From the above discussion it is seen that a
square pulse is received as 2 substantially trian-
gular or trapezoidal wave oOr impulse depending
upon the pulse duration and optimum results are
obtained when the square pulse width is equal to
time T and the triangular pulse has a base width
equal to 2T of twice the transient time of the over-
all system. While the foregoing discussion re-
lated to the production of pulses in the trans-
mitter, the same considerations lead to the con-
clusion that s pulse signal applied to a receiver
has a triangular shape in the receiver output irre-
spective of the shape of the impressed pulse.
Therefore, if the pulse is shaped into a triangular
form at the transmitter, receiver action will be
unimpaired and if the conversion of the pulse
to a triangular shape is accomplished before the
pulse is impressed on the modulator and power
amplifier, the energy otherwise consumed in the
pulse at this stage is reduced. .

‘While I have shown and described a particular
embodiment of my invention, it will be ohvious
to those skilled in the art that changes and modi-
fications may be made without departing from
my invention in its broader aspects, and I, there-
fore, aim in the appended claims to cover all such
changes and modifications as fall within the true
spirit and scope of my invention. ;

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. Tn a system in which pulses of high fre-
quency oscillations are radiated and received for
the transmission of signals, the combination of
means for reducing the power required by the
transmitting means to produce in the receiving
means pulses of desired intensity, said means
comprising means for producing 2 succession of
pulses, means for transforming said pulses into
pulses substantially triangular in shape, and
means for modulating said high frequency oscil-
lations by said triangular pulses to.produce trian-
gular shaped pulses of said high frequency oscil-
lations.

9. In a system -in which pulses of high fre-
quency oscillations are radiated and received for
the transmission of signals, the combination of
means for reducing the power required by the
transmitting means to produce in the receiving
means pulses of desired jntensity, said means
comprising & source of stbstantially rectangular
pulses, means for transforming said pulses info
pulses substantially triangular in shape having
duration, as measured at the base of said pulses,
which is twice the duration of the transient time
of the overall system, and means for modulating
said high frequency oscillations to provide pulses
shaped in accordance with said triangular pulses.

3. In a system in which pulses are radiated and
received for the transmission of signals, the com-
bination of means for reducing the power re-
quired by the transmitting means to produce in
the receiving means pulses of desired intensity,
said means comprising means for producing a
succession of substantially rectangular pulses, a
low pass filter circuit for transforming said pulses
into pulses substantially triangular in shape, said
filter circuit having a transient period no greater
than the duration of said rectangular pulses, and
means for controlling the transmission of said
high frequency oscillations secording to said tri-
angular pulses.
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6
"4, Tn a’systemn in which pulses are radidted anid
received for the transmission of signals; the com-
bination of means for reducing the power re-
quired by the transmitting means to produce in
the receiving means pulses of desired intensity,
said means comprising a source of high frequency
oscillations, means for producing a succession of
substantially rectangular pulses, means for modu-
lating said oscillations with said pulses, a band

' pass filter circuit for transforming said modu-

lated oseillations into impulses substantially tri-
angular in shape, said filter circuit having a tran-
sient period .of the same order of magnitude as
the duration of said rectangular pulses, a second
source of high frequency oscillations, and means
for modulating said last mentioned high fre-
quency oscillations in accordance with said tri-
angular pulses.

5. In 3 system in whiech signaling is effected by
transmission of pulses of carrier wave oscillations
from a transmitting station to a receiving station,
the method of reducing the power required at the
transmitting station to produce pulses of desired
intensity at said receiving station which com-
prises the step of shaping the envelope of each
carrier wave pulse transmitted in the form of a
triangle.

6. In 3 system in which signaling is effected by
transmission of pulses of carrier wave oscillations
from @ transmitting station to a receiving sta-
tion, the method of reducing the power required
at the transmitting station to produce pulses of
desired intensity at said receiving station which
comprises the step of shaping the envelope of
each carrier wave pulse transmitted in the form
of an isosceles triangle.

7. Tn combination, a carrier wave transmitter,
5 source of square wave pulses, means to modu-
late the output of said transmitter into pulses
corresponding to said square wave pulses but the
intensity of which increases from zero to maxi-
mum and starts to decrease to zero when said
maximum is reached, said means comprising &
network having an input and output, and having
a transient period for buildup of voltage in said
output in response to voltage supplied to said
input, means to supply said square wave pulses
to said inut, said pulses having a duration so
related to said transient period of said network
that the intensity of said pulses as reproduced
in said output attains its maximum simultane-
ously with termination of the pulse supplied to
the network.

8. In combination, a carrier wave transmitter,
means to modulate the output of said transmitter
to produce recurrent triangular shaped pulses,
said means comprising a filter having g transient
time between its input and output circuits, means
to supply substantially square wave pulses of du-
ration substantially equal to said transient time
to said input, and means to modulate the output
of said transmitter in accord with the shape of

~ said pulses as reproduced in said output.

65

70

9. A pulse communication system comprising
means for transmitting a series of recurrent
pulses of high frequency oscillations, said trans-
mitting means comprising a source of substan-
tially rectangular pulses, means including cou-
pling means having input and output circuits for
integrating the leading edges of said rectangular

pulses without appreciably reducing their peak

intensity, said coupling means hgving a transient
period of build up of voltage in said output cir-
cuit no greater than the duration of said rec-
tangular pulses thereby to provide in said output
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7

circuit a-series of recurrent pulses of substantially
triangular configuration, o source of high fre-
quency carrier waves, and means for modulating
said carrier waves in accordance with said tri-
angular pulses whereby to reduce the input power
required to transmit pulses of a predetermined
desired intensity. .
EVERHARD H. B.BARTELINK.
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