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The present invention relates primarily to time
modulated electrieal pulse transmission systems
and is principally concerned with the correction
of distortion due to fading, interference and like
causes. Tt is however also applicable more gen-
erally to transmission systems which involve am-
plitude limiting, such as, for example, frequency
medulation systems, and the like.

The pulses employed in pulse transmission sys-
tems should ideally have vertical sides and square
tops, but although substantially perfect pulses
may be generated at the outset, they are liable
to be distorted while passing through the various
brocesses of transmission and reception, and this
is particularly likely when the bahd width occu-
pied by the channel has to be restricted. The dis-
tortion introduced in this manner is also made
worse by fading, and by interference which may
be picked up anywhere in the system. The pres-
ent invention is concerned principally with means
for reducing the effects of the distortion which
has been caused in the ways just deseribed.

According to the invention there is provided g
receiving arrangement for an electrical pulse
transmission system comprising means for limit-
ing the amplitude of the received pulses between
two amplitude levels differing by a predetermined
amplitude, and means for varying the said levels
in accordance with the power of the incoming
signals, v ;

According to- another aspect, the invention
consists in a receiving arrangement for an elec-
trical pulse transmission system subject to inter-
ference, comprising limiting means for selecting
a portion-of the amplitude of the received pulses,
and means for fixing the mean level at which the
portion is selected in accordance -with the level
of the interference. » o :

The invention will be more clearly understood
from the following detailed description and by
reference to the accompanying  drawings in
which .

Figs. 1 to 4 are explanatory diagrams of time
modulated pulses; and : ;

Fig. 5 is a schematic circuit diagram of an
embodiment of the invention,

In order to make the.principles of the inven-
tion clear, an explanation of the- effects of dis~
torted pulses will first be given, together with a
genera] description of the manner in which these
effects may be minimised according to the inven-
tion,

Referring to Fig. 1, there is shown a series of
ideal time modulated pulses, which it will be seen
have substantially vertical sides.and square tops.
When these pulses are passed through a system
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of limited frequency band-width, the pulses may
be distorted as indicated in Fig. 2, the sides be~
coming inclined and the tops and bottoms round--
ed or “wavy.” The effect on the sides of the
pulses is substantially fo increase the width at
the base of each pulse and to decrease the width
of the top, or in other words the sides of the
ideal pulse appear to pivot about the middle
points, thus producing the sloping pulses. A line
¢, b drawn half way up will be divided into sec-
tions having practically the same lengths as the
original time modulated pulses of Fig. 1. The
distorted pulses shown in Fig. 2 are obtained at
the receiving end, and it has been found that
substantially undistorted time modulated pulses
may be obtained by cutting from the pulses a
narrow slice mn, pq centred along the line a, b
by means of a double limiting device; and by
subsequent amplification, the slopes of the sides
of the pulses so obtained may be so steepened
that they become substantially vertical.

When demodulating the pulses according to
the prevailing practice, it is usual to cut out a
narrow slice at a fixed level which is independ-
ent of the received amplitude, and possibly also
means may be provided whereby the cutting level
can be changed from time to-time to adapt the
receiving arrangements to various conditions.
This however does not take into account two
sources of distortion, namely fading and noise,

-the effects of which will now beé described.

In Fig. 3, A1 shows one of the Fig. 2 pulses as
received, taken- to represent any time modulated
pulse, the line a; b representing the centre line
of the slice which the receiver is adjusted to cus
out, and which, as already explained, it has been
found should be half way up. This centre line
will for convenience be called the “cutting level.”
If the signals are subject to fading, this pulse may
be received sometimes with greater amplitude (as
at-B1) or with smaller amplitude (as at C1).  The
effect of the fading will be chiefly to change the
vertical scale of the pulses as drawn, without af-
If therefore, -the

relative level will be too low for the By pulse and
too high for the C1 pulse, so that the correspond-
ing derived square time modulated pulses will be
respectively too long and too short. These derived
pulses are shown at ‘Az, Bz and C2 in Fig. 3 for

_the three received pulses, respectively.

If, however, the cutting level be made varisble
so that it is always substantially half way up the
pulse irrespective of the amplitude, all the de-
rived pulses will have the same length, so that the

- -distortion produced by the fading will have been




3
removed. The corresponding cutting levels for
the B:1 and C: pulses are shown by the lines ¢,
and e, f respectively, and the resulting derived
pulses are shown. at A3, Bs and- Cs; from which
it is clear that they are all the same lengfh, R

In the arrangement of the invention, therefore,

the cutting level is made variable under the con~
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trol of the received power so that when the sig-

hal amplitude varies, the cutting level is auto-
matically varied accordingly so that undistorted
derived pulses are obtained. irrespective of-the
fading. The details of this arrangement will be
explained later on.

When excessive interference is being received-

with the pulses (assuming there is no fading),

considerable distortion may be produced. This.

may be understood from Fig. 4, in which A shows
the manner in which the interference may- af-
fect the received wave-form. The full line shows
the wave form actually received, the dotied lines
indicating the wave-form- without- the interfer-
ence. If the cutting level be fixed at the half-
way level @, b it will be clear that instead of getting
the desired undistorted pulses as shown at C, a
number of extra short pulses, and other effects,

will be obtained as shown- at; B. If the cutting.

level be raised to ¢, d (Fig. 4, A), the peaks due to
the interference will: be: avoided, and pulses- as
shown at D will be obtained. Since, however, the
cutting level has been raised, these pulses will
be to some extent- distorted: since. their lengths
are now incorrect. An-improvement will have
been: obtained because generally the distortion
produced by the interference will be considerably
worse than that-produced by changing the level.

It will be evident that the addition of inter-
ference will be equivalent to: increasing the re-
ceived  power, so-that if-the receiver has been
designed according to-the invention to deal with
fading in the manner explained, it will also raise
the cutting level when excessive noise is present.
It will also be clear that the raising of the cutting
level can be made just sufficient to avoid the in-
terference, so that the distortion which is un-
avoidably associated: with the raising of the level
will be always a-minimum.

It-will be evident also, that the arrangement
of-the invention will operate as descrlbed to -ob-
tain the -best possible. result. when bofh inter-
ference and:- fading are simultaneously present,
since the correction for both- of-these: operates
through the: medium. of the received power.

The details-of-  an embodlment of the inven-
tion are shown in the form: of a schematic cir-
cuit in Fig. b. Radio frequency waves modulated
with the time modulated pulses are apphed to. the
primary winding Ls of a transformer T. These
waves are applied from the secondary- wmdmg La
to0 4 diode valve Va- where they. are: rectified; the

time modulated: pulses being -obtained-as volt-- ‘

age variations across-the load re51stance Rs. The

radio -frequency- components are removed by

means of the smoothing- c1rcu1t con51st1ng of the
condensers Cz and Cs and the: ‘resistance Re.
The pulses in the load Rs3 are applied through a
condenser Cs to the.grid of the first limiter valve
Vs.

beyond the cut-off:by connecting the-cathode to
the junction of resistances Rz and Rit connec*ed
across this supply % is the ustial by-pass con-

denser for the cathode, and Rs is- the grid re--

sistance.

The plate of V3 ig connected to -the-grid of-

The plate of this valve is connected through-
a resistance Re to the positive-terminal of the-
high tension supply; ard-this valve -is biassed:
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the second limiter valve Vi through the con-
denser Cs, the plate of Vs being connected to the
high tension supply through the resistance Riz.
This - valve is. also biassed by connecting the
catliode to the resistances Rs ahd R connected
across the supply, Cs being’ the by-pass con-
denser. The output is taken from the plate of

" Vi through a condenser Ce.

" A variable bias for the valve V3 is developed
across the resistance Rs connected in series with
the control grid. This bias is obtained from the
incoming signals which are applied to the rectifier
V1 from the secondary winding I» of the trans-
former T. Ri is the load resistance for Vi, and
C1, Cs, Rz is a.smoothing circuit having a time

‘constant’ greater than the period of one cycle

of the lowest signal frequency present. Accord-
ingly a continuous negative bias is produced across
Rs which varies with the general level of the
received signal, and is applied to the grid of V3 in
addition to the bias obtained from the cathode
resistance Rr.

The pulses (Fig. 2) which’ are obtained across
the resistance R5 are applied in a positive sense
to the control grid of V3, and assuming first of
all that the incoming signal level is steady, the
resistance R7 will be adjusted until the cut-oif
bias of the valve is overcome when the amplitude
has reached the level p, g. The valve then be-
comes conducting and thie plate voltage falls.
This will cause the valve Vs (which is normally
conducting) to be cut off at the level m,n, which
is” determined by the setting of resistance Rs,
which will be adjusted until & slice of the desired
thickness is obfained; centered on either side of
the line a, b.

If the ihcoming sighals are subject to fading,
so that their amplitude becomes reduced, for
example, the variable bias voltage across Re will
be correspondingly reduced, so that the first cut
p, ¢ produced by the valve Vs takes place at the
desired lower level. Similarly. when the signal
amplitude increases, the cut occurs at a higher
level. The width of the slice, being determined
by.the resistance Rs; will be the same whatever
the cutting level.

“‘Since the effect of interference on the valve
V1 will be substantially the same as an increase in
signal level, it will be evident that the cutting level
will be raised -in the presencev of interference, as
desired.

Figure s shows only one-example of an arrange-
ment for carrying out the invention, and other
suitable -circuits will- easﬂy be dev1sed by those’
skilied-in the art.

- What is claimed is:

1. A receiving arrangement for' an’ electrical
pulse transmission system comprising means for
limiting the: effective- portions  of the received:
pulses to those- between - two amplitude levels
differing by a predetermined amplitude, and-
means for automatically varying -the mean level
of the selected portion of said puises - in accord-
ance with the power-of the incoming signals.

2. A receiving arrangement for an- electrical’
pulse transmission system subgect to interference,
comprising limiting means for selecting a portion
of the: received’ pulses between predetermined ’
amplitude limits, and means’ for automatically
fixing the mean level at which the portion is-
selected in accordance with the level of the infer--
ference:

3: An a1rangement according -to -claim-1 com- -

: pr1smg a- rectifier for deriving from the incom-

ing'signals a continuous potential depending upon



2,428,011

5

the signal power, said limiting means including
an amplitude limiting valve having a control grid,
and means for applying the continuous potential
to the control grid of said amplitude limiting
valve. .

4. A receiving arrangement for a constant
amplitude electrical pulse transmission system
comprising a first amplitude limiter valve ad-
Justed to cut off below a predetermined pulse
amplitude level, a second amplitude limiter valve
coupled in tandem with said first valve and
adjusted to cut off above a predetermined pulse
amplitude level higher than the cut off level of
said first valve, an input circuit, means for rectify-
ing pulse modulated carrier waves received in said
input circuit and for applying the rectified pulses
to said first limiter valve, means for deriving from
said input circuit a variable direct current voltage,
means for applying said direct current voltage as
a variable control grid bias to said first limiter
valve, and means to maintain a normal biag for
said limiter valve such that the valve will only
operate above the level of noise and interference
signals.

5. A receiving arrangement for a constant
amplitude electrical pulse transmission system
comprising g first amplitude limiter valve includ-
ing a control grid and adjusted to cut off below a
predetermined pulse amplitude level, a second
amplitude limiter valve coupled in tandem with
said first valve and adjusted to cut off above g
predetermined pulse amplitude level higher than
the cut off level of said first valve, an input cir-
cuit, a first diode detector coupled to said inpus
circuit and having a first load resistor, means
for applying the voltage developed across said
load resistor in a positive sense to the control
grid of said first limiter valve, a second diode
detector coupled to sald input circuit and having
a second load resistor, a time constant circuit,
and means for applying the voltage developed
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across said second load resistor over said time
constant circuit and in a negative sense to the
control grid of said first limiter valve.

6. A receiving arrangement according to claim
5 in which said first and second limiter valves are
each provided with an adjustable cathode lead
biassing resistance.

7. A receilving arrangement for an electrical
pulse transmission system comprising means re-
sponsive to changes in voltage between prede-
termined amplitude levels on the leading and
trailing edges, respectively, of received pulses,
and means automatically to vary the position of
said levels with the amplifude of received pulses.

8. A receiving arrangement according to claim
7, in which the position of said levels is main-
tained at substantially half the amplitude of the
received pulses,

9. A receiving arrangement according to claim
7, in which the position of said levels is main-
tained above the level of the interference.
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