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1. 
The present invention relates to arrangements 

for receiving and deinodulating electric pulse 
trains which are phase-modulated in accordance 
With a signal Wave. 
By phase-modulated pulse trains are to be un 

derstood, those in which the time interval be 
tween successive pulses is varied accCrding to the 
signal, the duration of each individual pulse be 
ing constant. By the method of the invention, 
an auxiliary train of pulses is derived from the 
phase-modulated train by means which con 
bines each pulse with the preceding pulse -de 
layed by a constant time slightly larger or 
Smaller than the repetition period. The derived 
train is then applied to charge a condenser, the 
potential of which then varies according to the 
amplitude of the modulating signal, as Will be 
demonstrated. The potential of the condenser 
may be applied to an amplifier from which the 
signal Inay be obtained in the usual Way. 
According to the invention, there is provided 

an arrangement for demodulating a phase modu 
lated train of short electrical pulses comprising 
means for obtaining from the said train a de 
layed train of which each pulse overlaps in time : 
the following pulse of the original train, means 
for combining each pair of overlapping pulses in 
order to derive a train of pulses whose durations 
vary in accordance with the modulating signal 
wave, and means for extracting the said signal 
wave, from the derived train of pulses. 
The invention, Will be described With reference 

to the accompanying drawings in which: 
Figs. 1, 2 and 4 give diagrams used in explain 

ing the principles of the invention; - 
Figs. 3 and 3a show schematic diagrams of 

two embodiments; and 
Fig. 5 shows a schematic diagram of an ar 

rangement for lengthening the pulses before 
denodulation. 

. . . In Fig. 1 sketch a shows three successive pulses 
from a radiated train of regularly repeated short 
pulses assumed to be of rectangular outline. The 
pulses really consist of short packetS or bundles 
of radio frequency oscillations of 'rectangular 
form. Sketch b shows diagrammatically what 
may occur when the pulse train is phase-modu 
lated. The nth pulse is supposed not to be af 
fected, so that the two nth pulses in sketches a 
and b occur at the same time. 
the (n+1)th pulse is shown as arriving slightly 
earlier than usual, while the (n-1-2)th pulse is a 
little late. Thus the interval between the nth 
and (n+1)th pulses is reduced by the modula 
tion and that between the (n-1)th and (n+2)th 
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pulses is increased. It will, of course, be under 
stood that the modulation may make any puls 
late or early by any amount. 

Fig. 2 shows at a sinusoidal wave component 
of a modulating signal, the frequency being w/2ar. 
The Solid vertical lines 2 represent the centre 
lines of the pulses of an unmodulated train, the 
period, or time interval between successive pulses, 
being to, which will, of course, be small com 
pared with the period 2n/w of the signal wave. 
The duration of the pulses will furthermore be 
Small compared with to. The dotted vertical 
lines 3 represent the centre lines of the pulses 
as they would be displaced by the modulating 
signal represented by the curve . The pulses 
which coincide with the points where the wave 
cuts the time axis are unaffected, but the others 
are advanced or retarded proportionally to the 
amplitude of the Wave at the times of occur 
rence of the pulses. The pulses thus behave 
rather like a condensation wave in a fluid 
medium. 
According to the invention, the modulated 

pulses 3 are received on the aerial of a radio re 
ceiver RR, Fig. 3, and the pulse outlines are de 
rived in an appropriate detector D which is con 
nected to a delay network DN, which preferably 
comprises an artificial non-dissipative transmis 
sion line. The output terminals of DN are con 
nected to a resistance R1 which should be equal 
to the characteristic impedance of the network 
in order to avoid reflections at the output 
terminals. 
A thermionic valve W of any suitable type has 

two control grids G1 and G2, one of which is con 
nected to the input of the network DN, and the 
other to an intermediate point by an adjustable 
tap. The two control grids are biassed by means 
of a battery, B through high resistances R2 and 
R3 (or they may be biassed in any other conven 
ient way), and the anode is connected to the 
high tension supply through a condenser C 
shunted by a resistance R. 

Referring now to Fig. 4, sketch a shows four 
of the phase-modulated pulses after detection, 
which are drawn so that the spacing progres 
sively decreases. These pulses should be of posi 
tive polarity and are applied to the grid G1. The 
grid G2 is connected at a point in the network 
DN such that any pulse reaches it after a delay 
To which is a little greater than to. Curve b in 
Fig. 4 shows how the pulses are applied to G2. 
It will be seen that the nth delayed pulse over 
laps the (n-1)th original pulse, and the 

  



2,462,110 
3 

(n-1)th delayed pulse overlaps the (n+2)th 
original pulse, and So on. 
The grids G1 and G2 should be negatively 

biassed so that the anode current is cut off except 
during those periods when both grids have a 
pulse applied. Accordingly, the anode current 
of the valve V will vary in the manner shown in 
sketch c of Fig. 4, which represents a Series of 
derived rectangular pulses, of which the nth is 
obtained by combining the nth delayed pulse With 
the (n+1)th original pulse, and so on. 

If desired, as shown in Fig. 3a, the grid G2 may 
be omitted (together with R3 and the tapping 
connection to DN). R1 is removed, the output 
terminals of DN being left open. The Original 
pulses are then reflected at the output terminals 
and re-appear at the input terminals as delayed 
pulses. If the length of the network. DN is such 
as to correspond to a delay of To/2 then the same 
derived pulses c of Fig. 4 are obtained. The 
grid G1 should in this case be biassed so that the 
anode current is cut off except when two pulses 
are simultaneously applied to the grid. Alter 
natively, the valve may be biassed as a normal 
amplifier so that when the original and delayed 
pulses are applied the anode current varies in 
the manner indicated in Fig. 4, sketch d. By 
following the valve V with another suitably 
biassed valve (not shown), the wide lower part 
of the combined pulse may be cut away leaving 
only the narrow upper part which Will be the 
derived pulse desired. 
The manner in which the demodulation of the 

pulses is obtained by the arrangement of Fig. 3 
is most easily understood from a mathematical 
analysis. 

Let t be the time when the nth unmodulated 
pulse is received. Then t=te--nto, where to is a 
constant time which is determined by the time 
origin chosen. Since w/2r is the frequency of 
the signal wave (Fig. 2), the amplitude of this 
wave at time t will be proportional to sin wt and 
the time displacement of the nth pulse from its 
unmodulated position in time will therefore be 
a sin ot, where a is a parameter which depends 
on the depth of modulation. 
Thus the time tin when the nth modulated pulse 

appears will be given by 
in=t-a sin (wit 

2. 

=to+nto-a sin(onto--otel 
Similarly the time ton+1) corresponding to the 

(n-1)th modulated pulse is given by 
ten-1)=tc-- (n-1) to-a sin ato (n-1)--witcl 
This 

teni-1)-tn 
=to-2a sin A wito'cos 'A' foto (2n-1-1) --2astel 

As already stated, to will be small compared 
with 2n/w, so that Aoto will be a very small angle. 

Hence, approximately, 

t(n+1)-tn=to-aoto cos Inoto-Ho (te--to/2)) 1 
Let P be the duration of each of the pulses of 

the modulated train (sketch a, Fig. 4), and let 
pn be the duration of the nth derived pulse 
(sketch c, Fig. 4), then 

pn=P--ton+1)-in-To 2 

If the pulse train had been unmodulated, all the 
derived pulses would have had the same duration 
p=P--to-To (obtained from Equations 1 and 2 
by putting a-0). 
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4. 
Thus pn=p-awto'cos (noto-B), in which is has 

been written for a (ic--io/2). 
If i is the amplitude of the anode current pulses 

in the valve V, and if these pulses are applied 
to charge a condenser C, then the condenser will 
be raised by in pulses to a potential 

E=> p. 
=; np-awl X COS (not +8) 

Since to is small compared with 2n/a, it will 
be regarded as an infinitesimal quantity dit. The 
time of occurrence it of the nth unmodulated 
pulse will be taken as the time variable. It has 
already been stated that t=tc--nio, so that 
nayto-g=cut--a to/2. 
Thus approximately 

=inp-a sin ot 
neglecting the small phase angle wto/2. 
The potential of the condenser thus has a 

component 
inp 
C 

which steadily increases, and also another con 
pOnent 

ia . 
C. Sin cut 

which is proportional to the original modulating 
signal voltage. The first component is effectively 
removed by shunting the condenser C by the re 
sistance R. (Fig. 3) which provides a leak which 
limits the rise of potential across the condenser. 
Thus the potential variation across the con 

denser C corresponds to the original modulating 
signal, and may be filtered if necessary to remove 
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traces of the pulses and amplified by any suitable 
arrangement (not shown). 

It should be pointed out that To could have 
been chosen to be a little less instead of a little 
greater than to. Similar derived pulses c (Fig. 4) 
Would be obtained. To should not, however, be 
made equal to to, for then the derived pulses 
Would not distinguish the positive and negative 
loops of the modulating signal. 

It has been assumed that the duration P is at 
least equal to twice the maximum time displace 
ment of any pulse productd by the phase modula 
tion. If this were not so certain of the derived 
pulses would disappear altogether. This require 
ment will usually be met, but if not, the received 
pulses may be lengthened before demodulation by 
any method, for example in the manner shown 
in Fig. 5. The pulses to be lengthened are applied 
to the input terminals IN of a delay network DN 
terminated at the other end by a resistance Rs 
equal to its characteristic impedance. Any num 
ber of valves W1, W2 . . . Win have their anodes 
connected together, and their control grids are 
connected respectively to intermediate tapping 
points along the network. The anodes are sup 
plied with current from the high tension source 
through a common resistance A1 and are con 
nected through a blocking condenser C1 to the 
control grid of a collector valve CW supplied with 
anode current through another resistance A2. The 
output is taken from the anode of CW through a 
blocking condenser C2, and the usual grid resist 
ance G is shown. The valves W.1 to Win should be 



5 
appropriately biassed below the cut-off by any 
convenient means (not shown). 
The control grids of the valves V1 to Vn are 

tapped at points such that the pulses applied at 
the terminals IN reach these points after Succes 
sive intervals a little shorter than the duration P 
of each pulse, so that the valves V1 to Vn are un 
blocked in turn, each remaining unblocked until 
just after the next has become unblocked. 
: The valve CV should be biassed so that a mod 
erate-anode current flows, but so that when any 
one of the valves V1 to Vn is unblocked, the corre 
sponding fall in anode potential takes the control 
grid of CW. below the cut-off. Thus CW will be 
blocked until the pulse has travelled past the last 
valve Vin. Thus inverted pulses having a duration 
a little less than nP will be obtained at the ter 
minals OUT. ... 8 '... 

The number of the valves W1 to Vn may be halved 
if the resistance R5 is renoved, leaving the output 
terminais of the delay network open. The pulses 
will then be reflected at the open end and will 
return to the input end, unblocking each of the 
valves a second time. The distance from the con 
trol grid of Vn to the open end should correspond 
to a delay a little less than P/2, and care should 

: be taken to see that the input terminals of the 
delay network are terminated with its character 

, istic impedance in order to avoid multiple reflec 
tOS, . 

It Will be understood that when it is desired to 
lengthen the original pulses before demodulation, 
the circuit of Fig. 5 is interposed between the 
detector D and the delay network DN (Fig. 3), 
the terminals IN being connected to D and the 
terminals OUT to ON. 

Fig. 3 which has been described above, gives 
one embodiment of the invention, which however, 
may be carried out in other ways. Although the 
preferred form of the delay network IDN is a non 
dissipative transmission line, any type of network 
which will delay the pulses by the required amount 
can be used. Moreover, any Suitable arrangement 
may be used for combining the original and de 
layed pulses. 
What is claimed is: 
1. A source of a train of short phase-modulated 

electrical pulses of substantially constant dura 
tion and an arrangement for demodulating said 
phase modulated train of short electrical pulses 
comprising delay means for obtaining from the 
said train a delayed train of which each pulse 
overlaps in time the following pulse of the Orig 
inal train, the delay being of a value differing 
from the unmodulated time spacing of the pulses 
of said train by a predetermined amount, means 
for combining each pair of overlapping pulses 
thus producing a train of pulses whose durations 
vary in accordance with the modulating signal 
wave, and means for extracting the Said signal 
wave from the derived train of pulses. 

2. An arrangement according to claim 1, in 
which means is provided for applying the original 
and delayed trains of pulses simultaneously to a 
mixing valve from the anode circuit of which the 
derived pulses are obtained. 

3. An arrangement according to claim 1 in 
which means is provided for applying the original 
and delayed trains of pulses simultaneously to a 
mixing valve, and means for blocking said valve. 
except when at least two pulses are simultaneously 
applied thereto. 

4. An arrangement according to claim 1 in 
which the delay means comprises a valve having 
two control grids one of which is connected to an 
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input terminal of the delay, means, and the other 
to an intermediate point thereof, the outputter 
minals of the delay means being connected to a 
resistance equal to its characteristic-impedance. 

5. A source of a train of short phase-modulated 
electrical pulses of substantially constant dura 
tion and an arrangement for demodulating said 
phase-modulated train of short electrical pulses 
comprising delay means for obtaining from the 
said train a delayed train of which each pulse 
overlaps in time the following pulse of the original 
train, the delay being of a value differing from 
the unmodulated time Spacing of the pulses of 
said train by a predetermined amount, means for 
combining each pair of overlapping pulses thus 
producing a train of pulses whose durations vary 
in accordance with the modulating signal wave, 
and means for extracting the said, signal. Wave 
from the derived train of pulses comprising a coal 
denser adapted to be charged by the pulses of 
the derived train. So that its potential varies in 
accordance With the modulating signal Wave... 

6. The arrangement, according to claim 5 and 
in which the condenser is shunted by a resistance. 

l. The arrangement according to claim 5. and 
in which the means for combining is a valve hav 
ing grids to which the original and delayed pulses 
are applied, and an anode circuit comprising said 
condenser. 'i 

8. An arrangement for demodulating a phase 
modulated train of short electrical pulses, con 
prising means for lengthening the duration of 
pulses, means for obtaining from the train of 
lengthened pulses a delayed train of which each 
pulse overlaps in time the following pulse of the 
Original lengthened pulse train, means for com 
bining each pair of Overlapping pulses thus pro 
ducing a train of pulses whose durations vary in 
accordance With the modulating signal Wave, and 
means for extracting the said signal Wave from 
the derived train of pulses. 

9. The arrangement according to claim 8, and 
in which the means for lengthening comprises a 
delay network. 

10. The arrangement according to claim 8, and 
in which the means for lengthening comprises a 
plurality of normally blocked valves and means 
for unblocking them in succession by the pulses 
received. 

11. The arrangement according to claim 8 and 
in which the means for lengthening the pulses 
comprises a delay network to which the pulse 
train is applied, a plurality of normally blocked 
valves having control grids connected to different 
points of said network between which the delay 
is less than the time duration of the pulses, 
whereby said pulses reach them after intervals 
shorter than said duration unblocking said valves 
in turn, each remaining unblocked until just after 
the next has become unblocked, anodes for said 
valves connected in multiple, a collector valve 
having a control grid connected With Said anodes, 
means for blocking the collector valve until the 
pulse has travelled past, the last of said valves, an 
output circuit for the collector Valve in which 
pulses are obtained which are inverted with re 
spect to those applied to the network, and whose 
duration is less than said certain duration multi 
plied by the number of said valves. 

12. An arrangement for effectively lengthening 
the pulses of a train of electrical pulses having a 
certain duration, comprising a delay netWork to 
which the pulse train is applied, a plurality of 
normally blocked valves having control grids con 
nected to different points of said network between 
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': which the delay is less than the time duration of 
the pulses, whereby said pulses reach them after 
intervals shorter than Said duration unblocking 
said valves in turn, each remaining unblocked 
until just after the next has become unblocked, 
anodes for said valves connected in multiple, a 
collector valve having a control grid connected 
with said anodes, means for blocking the collector 
valve until the pulse has travelled past the last 
of said valves, an output circuit for the collector. 
valve in which pulses are obtained, which, are 
inverted with respect to those applied to the net 
work, and whose duration is less than said certain 
duration multiplied by the number of said valves, 

13. An arrangement for effectively lengthening: 
the pulses of a train of electrical pulses having a 
certain duration, comprising a delay netWorkhav 
ing input terminals for the pulse train, a resist 
ance in which said network terminates equal to 
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... having a control grid connected with said anodes, 
said collector valve having also an anode, con 
nected with said source, a blocking condenser in 
the grid and a second resistance in the anode 
connection of the collector valve, means for bias 
sing the collector valve to permit the flow of some 
anode current but to place its grid below the cut 
off When any of said valves is unblocked, said col 
lector valve remaining blocked until the pulse has 
travelled past the last of Said valves, an output 
circuit for the collector valve in which pulses are 
obtained which are inverted with respect to those 
applied to the netWork, and whose duration is 
less than said certain duration multiplied by the 
number of Said valves. 

MAURICE MOISE LEVY. 
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