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he present invention relates tc radio-recep- vihole sy ), 1t of toc high a ratio of
ulo"l and particulariy o so-called diversity re- ignal in t on t tuent receivers.
ception. { jention a diversity recep-

plurality of constituent
d to contribute an output
J put circuit and each
sin-controlling potential

In diversity reception, a number of receivers,
or ”t a"l] rate, & number of receiving antennae,
ted gt the 1’°ﬂﬂii'ing site, but are spaced
h other in such a manner thai the effects

[

G

If fa dm” arg reduced. This is because, though g means associated with
fading may eifect one recelver or cne receiving aiver aaamed in response to
antenna at one time, it may not affect at the g Ollulolll“ﬂ" potential, to elim-~
same time ail of the receivers or receiving an- the common output circuib, output
tennae pirovided. that receiver which is, or from those

hich are, receiving a signal markedly
ab received by those receivers which

T the e majority of diversity reception systems
in which a number of receivers are provided, each
receiver feec-.mg its cutput into a common cir- that receiver which is, receiving the
cuit where the cutputs are ombined, it is usual : ) signal.
t5> provide a common subtomatic gain- -contrelling The reception system may include an imped-
svstem and io thim, gain-co nulollnp voltage £ : riz comprising an impedance asso-
produced in t:.e gain-controllin ng system to con- ach constituent receiver, the several
trol simulfanecusly 2il the receivers constituting i lances being alike infer se and connected
the mvelsm' reception system., The magnitude in star form, and the avtomatic gain potentials
of the cenirsl voltage at any given time is de- : Jc‘“ lmnsutlcnt rccelvers belng sepa-
i e neipally, hy the sutomsatic gain :
veltage contributed to the gain-control system
by that receiver, or by those receivers, which at
the given time is, or are, receiving the strongest
signal.

oint 15 utlhged to operate the

Clearly, in such a system, the overail ampli- switching means soc ated with the constituent
fication, between ing put and cutpus, is the same recelver with which the said impedance is like-
for each of the constituent receivers of the sys- 5y Wise associated.
tem. Conseguently, when the major source of The switching means may comprise a suit-
neoise is in the const t receivers themselves iarized ov blased electromagnetic relay,
and in their input circuits, sach constituent re- one for each corsi ituent receiver, or it may com-

ceiver, irrespectively of the relative amount of valve device, ons for each

useful signal it is contributing to the output of 25 w1t
the system, contribubes substantially the same !e 9“’me3‘ c 821”1 ~controlling potential may
amount cof noise as doss any cther of the con- he applied, in addition to being applied to the

stitusnt receivers. Hence, for a diversity recep- network, to the constituent receiver
tion system having n constituent receivers, the rom which it is derived.
total noise voitage in the common output circuit 4o ~ The invention is “}USEm“ed in ihe accompany-
is equal to \/# times that of any vy one constituent g C wheyeof Fie. 1 shows the basic cir-
receiver. zr.rmg the smtchmg voltage; Figs. 2a
Thus, the condition arises, that when, say, only :‘Je(:r; ;ef;e: gfén lffﬁagdq;x]sui}ig
one constituent receiver is contributing a use e T 2 8. 5 8 .
signal, for example a signal of an aizplib‘miﬁ: iof:‘l} o Gn’ Fig. & shows a
Hat > HL G e C0: ng means; and Fig.
sMgra .ly‘blf%a-bel" than the amplitude of the noise d cing the switch-
which it is likewise contributing, the overall ratio

for the pu
‘45 sw-ucnmg ]

guick s,uti’ag
another circuit f

na af
geiy]

3 aw
of signal/noise in the common output system of For 1 ’o:; purpose kv
the whole recepticn system will be degraded by 50 diversity reception 1 of ¢ asent inve
the presence of the noise contribuied by the cthe tion, it will ke ass-’mea that there are, as illus-
receivers. In the worst case the total ratio of trated In Fig. 1, three (there may be more or
signal/noise is reduced hy /7. there may be less) constituent receivers respsc-
The present invention aims at overcoming this tively Ri, B2, and R2. In such a diversity recep-

degradation of the ratic of signal/noise in the 55 tion system the impedance network N takes the
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form of ¥, four-terminal network of three
equal impedances Z{, Z2, and Z3, the inner ends
of which are joined to a common point P, while
the outer ends Of, 02, and O3 are connected over
the leads AGCIH, AGC2, and AGC3, to the sources
(not shown but of known type) of auto-gain volt-
age in the three constituent receivers respectively.

The signal-output LF{, LF2, and LF3 irom
each of these constituent receivers is fed to a com-
mon low frequency output point LFC each cutput
being fed through an individual switching de-
vice Sf, 82, and 83. As shown, it is assumed re-
ceiver Ri output LFI is connecied by switch 3t
to the ocutput point LEFC.

If, at any instant, the levels of the signal ab
the aerial input systems Al, A2, or A3 of the
constituent receivers are, as illustrated in Fig. 2a,
such that the auto-gain voltages applied over
leads AGCI, AGC2, and AGC3 to the network N
by the three constituent receivers are —12 volis,
—3 volts, and —3 volts respectively, (1. e. the
signal components in two of the constituent re-
ceivers are much weaker than the signal in the
third constituent receiver), currents will flow, as
indicated by arrows It and 12 through the several
impedances Z{, Z2, and Z3, and the common con-
necting point P will assume a potential of —86
volts. The potential at the free ends Of, 02, and
O3% of the impedances which constitute the im-
pedance network N, will, with respect to the com-
mon connecting point P, regarded as at zero volts.
ke as indicated in Fig. 2b, —6 volts (at the free
end of that, namely Z{, to which —12 volts was
applied) and -3 volts (at the free ends of those,
namely Z2 and Z3, to which —3 volts was applied).
i. e. the free ends corresponding to constituent
veceivers with low auto-gain voltages have be-
come positive with respect to the common con-
nection point.

TJse is made of this.faet that no matter how
many constituent receivers there may be the free
end of the impedance Z to which is connected the
highest negative potential remains negative, with
respect to the common connecting point, whilst
the free ends of impedances Z to which Iower
negative potentials are applied become positive
with respect to the common connecting point.

The potentials developed across the several im-~
pedances are applied fo switching means si, 8%,
and 53, one for each constituent receiver, in such
manner that when the free ends Of or O2 or O3
of the impedances Z{, or Z2 or Z3 become posi~
tive with respect to the common connecting point
P, the switching means is operative to isolate the
output LF1, or LF2, or LF3, of the respective con-
stituent receivers, from the common output cir-
cuit LFC. As illustrated in Fig. 1, the outputs of
receivers R2 and R3 are discarded by the action
of switches 82 and S3 under the control of the
positive potentials at the ends of 22 and Z3.

Thus, in the example taken, those two constit-
uent receivers, R2 and R3, whose automatic gain-
conirolling potentials were —3 volts are isolated
from the output circuit, and the signal/noise ra-
tio of the final output is that given by the constit-
uent receiver RI whose automatic gain-control-
ling potential was —12 volts. In this case this is
4.3 db better than the result obtainable if all
three constituent receivers had been connected
in the orthodox manner.

Tt will be apparent that the action of this dis-
criminator is dependent only on the relative and
not the absolute signal levels in the various con-
stituent receivers.

The switching means can take one of a variety
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of forms. Thus they may, for example, consist of
sensitive electro-magnetic relays operated direct-
1y by the currents flowing in the constituent im-
pedances and suitably polarized so that they op-
erate only when the potential of the free ends
becomes positive with respect to the common con-
necting point. .

In a preferred, alternative, switching means,
illustrated in Fig. 3, wherein only the switching
means SW for receiver R2 is shown, the poten-
tial developed across each arm of the impedance
network controls the impedance of an electronic
valve V, for example by applying the developed
voltage across the grid/cathode space of a triode.
A fixed resistance FR in series with the ancde/
cathode impedance of the valve V forms a poten-
tiometer of which the valve impedance is the var-
iable arm. 'This potentiometer is connected
across the output circuit LF2 of constituent re-
ceiver R2 while the connection to the combined
output circuit LFC is taken, preferably by way of
a transformer T2’ from across the anode/ cathode
space of the valve V. As the conductivity of
valve V is increased, the output supplied at T’ is
diminished.

Tn this manner it can be arranged that the
fraction of the cutput of any one constituent re-
ceiver which is passed to the final output termi-
nals LFC falls to a negligible value when the
signal/noise ratio in that receiver falls appre-
ciably below the signal/noise ratio in the receiver
which is then receiving the strongest signal.

‘The switching means may be external to the
constituent receivers or they can be disposed at
any point in the receiver circuits which ocecurs
after the autc-gain voltage has been derived.

Tt will be apparent, that in the arrangements
above described, it is possible for the outputs of
more than one receiver to be fed simultaneously
to the common output. To avoid this, which is
of little importance in telegraphy but which is
undesirable in telephony since the signals con-
tributed by the several constituen{ receivers may
be out-of-phase and would if combined produce
a distorted final output, matters may be so ar-
ranged, as will appear hereafter, that the con-
stituent receiver, at any moment in control of
the reception of signals, shall not relinquish con-
trol and thus permit another constituent receiver
to assume control until the strength of the sig-
nals which it is itself receiving falls below a pre-
determined value, even though the strength of
the signals which the other constituent receivers
are receiving would otherwise be sufficient for
them to contribute useful signals to the common
circuit. 'Thus is avoided unnecessary changes
from one constituent receiver to another with
consequent changes in the phase of the signals
in the output circuit.

Referring particularly, to the arrangement in
which the potential developed across each arm
of the impedance network controls the imped-
ance of an electronic valve by supplying the volt-
age developed in the impedance network to the
grid/cathode space thereof, there may, as illus-
trated in Fig. 4, be included between the im-
pedance network N and the trioces, one only of
which is shown, a so-called toggle-circuit T.
Such a toggle-circuit has the additional advan-
tage of operating very rapidly so that switching
from one constituen$ receiver to another is ef-
fected almost instantaneously.

in the following description, it will again be as-
sumed that there are three constituent receivers,
but, again, it is to be observed that there may
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be more or less. The description is to-be regarded
as that of an exemplary arrangement which may
be varied.

The toggie-circuil consists of three valves VI,
VT2, and VT3 which may conveniently be pen-
todes, each having its anode connected to the
positive terminal 4+ of a source (not shown) of
anode current through a suitable resistor ri, re,
or 2. The cathodes of the valves are connected
together and are connected in common, if de-
sired, through a common resistor re, to the neg-
ative terminal — of the source of current. The
free ends Of, 02, 03, of the three impedances
Zi, ZZ, and Z3 constituting the impedance net-
work N are connected respectively to the in-
jector-grids G, G2, and G3 of the three valves
of the toggle-circuit. Other grids G{’, G2’, and

35’, where the valves are multi-electrode valves,
of the valves of the toggle-circuit are connected
respectively through resistors R2{, R32, and Ri2
to the anodes of valves VT2, VI3, and VT'f and
respectively through similar resistors R3i, Ri2,
R23 to the ancdes of the valves VT3, VT
and VT2.

The anode of any one of the valves of the
oggle-circuit, say VT2 is connected to the
rvid of a control valve V2. The cathode of
hie control valve is connected to a suitable
oint of negative potential, which may be a point

on a vollage divider d connected across
the source of anode current above referred to,
and the ancde of this valve V2 is connected to a
positive terminal of this source. Connected in
seriss with the anode/cathode space of the con-
vrcl valve V2 is the secondary winding SW2 of a
Tan

(&)
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1

[0

S
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{ & transformer T2'. The primary winding PW2
of transforimer T2 is in the output circuit LF2 of
one of the constituent receivers R2. 'The sec-
ondary winding SW2’ of transformer T2’ is in
series with the secondary windings SW{’ and
SW3’ of similar transformers T’ and T3’ sim-
arly associated with other constituent receivers,
connscied to the common output circuit LFC.
ther control valves (net shown) one for each
constituent receiver (not shown) are provided,
and are similarly connected. The particular con-
trol valve V2, associated with any varticular con-
stituent receiver, say R2, is that one, the control
grid of which is connected to the anode of the
vaive VT2 of the toggle-circuit which has its in-
jector-grid G2 connected to the free end of the
impedance Z2 to which the particular constit=
uent receiver R2 supplies automatic gain voli-
age over lead AGCE.

The values of the resistors in the toggle-switeh,
particularly those between a grid of one valve
nd the anodes of the other valves are such that
ny decrsase in the current fowing through one
of the valves increases the anode current taken
oy the other two, which in turn acecelerates the
initial decerase through the first valve. In the
absence oif changes in the externally applied con-
trol voltages from the impedance network N the
system can be arranged to take up a stable condi-~
tion such that two of the valves of the toggle-
circuit are taking a large anode current while
the third is cut off to approximately zero current.
The application of a small positive increase to the
potential of the control grid (or other auxiliary
grid if multi-electrode valves ars used) of the
valve which is assumed to he cut off, will as a
conseguence of .such application of positive
potential, increase the current taken by the valve,
and the process will continue until a new condi-

o

o

former T2, and the primary winding PW2’ .
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tion of stability is reached, such that the formerly
cut-off valve will take a large anode current and
one of the other two will be cut off. By omitting
any inductances or capacitances from the sys-
tem the speed of change-over from one condition
of stability to another can be made sufficiently
high fo appear almost instantaneous.

Operation is such that the valve connected to
the most negative point of the impedance network
N is cut off while the other two are taking com-
paratively large currents.

Considering, as an example, the case in which
number two constituent receiver R2 is contribut-
ing the strongest signal, then the free end 02 of
the impedance Z2 associated with this receiver
will be the most negative voint of the impedance
network N and hence number two valve VI?2 in
the toggle-circuit T will be cut-off. In this con-
dition the potential of the anode of this valve
VT2 will be more positive than that at the anodes
of the other two valves VT'! or VT3 of the toggle
circuit. If the cathode of the associated control
valve V2 is adjusted to a potential equal to that
of the anode of valve VT2 under consideration,
the control valve V2 will conduct, allowing the
ow~frequency output .2 from number two re-
ceiver to pass through to the common cutput cir-
cuit LIFC. Since the anedes of the other valves
VT and VT3 of the toggle-circuits are consider-
ably negative in potential with respect to that
under consideration - (and therefore to the
cathodes of their conirol valves) these control
valves are biased off, thus preventing the L. .
output L¥! and LF§ from receivers R{ and R3,
respectively, from being admitted to the combined
output circuit LFC.

Thus the cutput at the final output terminais
iz that of oniy one receiver at any one time, even
in conditions such that all three receivers are
receiving egually strong signals.

When egual or nearly egual signals are arriving
at all thres constituent receivers, it would seem
desirable to gprevent the switch systermn from
changing over unnecessarily from one to ancther.
This can be achieved by simply reducing the sen-
sitivity of the response of togsle system T o the
voltage applied to it by the impedance nstwork
N, for example, by feeding the injector grids Gi,
G2, and 8 of the valves VT, VT2, and VT2 of
the toggle-circuit with small fractions of the
potentials across the respective impedances Zi,
72, and Z3 of the impedance network N. Thus,
for example, the system might be set up so that
one receiver was connected through to the final
output LFC until the signal level at another re-
ceiver exceeded it by, say, 3 db.

It may be noted that the type of toggle-cirsuit
described above can be extended in its apnlica-
tion to a larger number of valves, e. g., if a quad-
ruple diversity system were required, a fu :
valve could be added to the toggle-system.

Furthermore, the rapid and decisive action of
the toggle-circuit makes it suiteble for applica-
tion in a variety of ways; for example, the nega-
tive voltages developed across thie anode/cathode
spaces of the control valves in the above examnie,
could, instead, be used directly to paralyze the
signal rectifier or one of the low-frequency am-
plifier valves in the constituent receivers, methods
which, on account of the threshold distortion pro-
duced when the paralyzing voltage is slightly
less than the voltage of the signal, are objection-
able features with graduaily applied methods of
switching. ‘

The invention is susceptible to modification or
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elaboration. Thus, as illustrated in Fig. 5, a por-
tion of the signal veltage from, for example, the
last intermediate frequency amplifier (not
shown) of each of the constituent receivers Ri,
R2, and R3 may be applied to a further amplify-
ing stage (two only, namely, AS{, AS2, of which
are shown) individual to the constituent receiver,
and the amplified portion of signal energy recti-
fied in, for example, a diode DI, D2, one asso-
ciated with each further amplifying stage. The
negative terminal of any one diode load-resistor
DRI, DR2, or DRS3, is connected to the free end
of one impedance Z{, Z2, or Z3, in the star-con-
nected impedance network I and the positive
ends of all the load-resistors DR are connected
together but are otherwise electrically isolated
from other parts of the system. The common
connecting point of the several impedances can
thus readily be connected to any convenient point
in the system, and the voltages appearing across
the several impedances can be applied, as before,
to the operating of the switching means, or other-
wise.

I claim:

1. In a diversity receiving system, at least three
radiant energy receivers having different radiant
energy pick-up characteristics, a common output
circuit, a separate coupling between each receiver
and said circuit, a control tube in each coupling
arranged to control the effectiveness of the cou-
pling, signal strength sensing and detecting
means coupled to each receiver for producing a
potential, for its respective receiver, the magni-
tude of which is a measure of the intensity of the
signal picked up by such receiver, a plurality of
electron discharge devices, equal in number to
the number of receivers, each having electrodes
including an anode and a cathode, means cou-
pling the cathodes of all of said devices together
and to one side of a unidirectional potential
source, means connecting the anode of each de-
vice through a separate load impedance to the
other side of said source, means connecting the
ancde of each device to a first control electrode in
each of the other devices, a coupling between
each device and an electrode of a different one of
said control tubes, and couplings between each
detecting means and a second control electrode in
each respective device for controlling the relative
conductivities of said devices in accerdance with
the relative magnitudes of the produced poten-
tials.

2. In a diversity receiving system, three radiant
energy receivers having different radiant energy
pick-up characteristics, a common output cireuit,
a separate coupling between each receiver and
said circuit, a control tube in each coupling
arranged to control the effectiveness of the cou-
pling, each control tube having a control grid,
signal strength sensing and detecting means cou-
pled to each receiver for producing a potential,
for its respective receiver, the magnitude of which
is a measure of the intensity of the signal picked
up by such receiver, three electron discharge de-
vices each having electrodes including an anode
and a cathode, means coupling the cathodes of
said three devices together and to one side of a
unidirectional potential source, means connecting
the anode of each device through a separate load
impedance to the other side of said source, means
connecting the anode of each device to a first con-
trol electrode in each of the two other devices, a
coupling between the anode of each device and
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the control grid of a different one of said control
tubes, and couplings between each detecting
means and a second control electrode in each re-
spective device for controlling the relative con-
ductivities of said devices in accordance with the
relative magnitudes of the produced potentials.
3. In a diversity receiving system, at least three
radiant energy receivers having different radiant
energy pick-up characteristics, a common output
circuit, a separate coupling between each receiver
and said circuit, a triode in each coupling having
its anode-cathode path connected directly in se-
ries in such coupling, signal strength sensing and
detecting means coupled to each receiver for pro-
ducing a potential, for its respective receiver, the
magnitude of which is a measure of the intensity
of the signal picked up by such receiver, a plu-
rality of electron discharge devices, equal in num-
ber to the number of receivers, each having elec-
trodes including an anode and a cathode, means
coupling the cathodes of all of said devices fo-
gether and to one side of a unidirectional poten-
tial source, means connecting the anode of each
device through a separate load impedance to the

‘other side of said source, means connecting the

anode of each device to a first control electrode in
each of the other devices, a coupling between
each device and the control grid of a different one
of said triodes, and couplings between each de-
tecting means and a second control electrode in
each respective device for controlling the rela-
tive conductivities of said devices in accordance
with the relative magnitudes of the produced
potentials.

4. In a diversity receiving system, three radiant
energy receivers having different radiant energy
pick-up characteristics, a common output circuit,
a separate coupling between each receiver and
said circuit, a triode in each coupling having its
anode-cathode path connected directly in series
in such coupling, signal strength sensing and de-
tecting means coupled to each receiver for pro-
ducing a potential, for its respective receiver, the
magnitude of which is a measure of the intensity
of the signal picked up by such receiver, three
electron discharge devices each having electrodes
including an anode and a cathode, means cou-
pling the cathodes of said three devices together
and to one side of a unidirectional potential
source, means connecting the anode of each de-
vice through a separate load impedance to the
other side of said source, means connecting the
anode of each device to a first control electrode in
each of the two other devices, a coupling between
the anode of each device and the control grid of
a different one of said triodes, and couplings be-
tween each detecting means and a second control
electrode in each respective device for controlling
the relative conductivities of said devices in ac-
cordance with the relative magnitudes of the pro-
duced potentials.

GEORGE JOHN McDONALD.
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