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1. 

The present invention relates to electrical sig 
nal transmission circuits, with particular refer 
ence to radio receivers, 
When the signals applied to a radio receiver 

are liable at times to rise to an excessively high 
level, it is common practice to include ampli 
tude limiting means in the receiver to prevent it 
from being blocked by excessive overloading. A 
case in point arises in the communication ar 
rangements between aircraft which may some 
times fly in close formation. 
The limiting arrangements hitherto employed 

have not been completely satisfactory in re 
ceivers in which automatic gain control is used. 
It is the principal obiect of the present invention 

10 

to provide an improved limiting arrangement for 
Such cases. 
According to the invention, therefore, there is 

provided an electric-signal transmission system 
having at least one thermionic valve amplifying 
stage provided with automatic gain control ar 
rangements, comprising means including a recti 
fier adapted to limit the amplitude of the signal 
voltage applied to the amplifying stage and so 
arranged that the automatic gain controlling : 
voltage is prevented from adversely affecting the 
action of the amplitude limiting means. 
According to another aspect, the invention 

comprises an electric signal transmission system 
having at least one thermionic valve amplifying 
Stage. provided with automatic gain control ar 
rangements, comprising means including a rectil 
fier adapted to limit the amplitude of the signal 
voltage applied to the amplifying stage and so 
arranged that the automatic gain controlling 
voltage operates to augment the action of the 
amplitude limiting means. 

Alternatively, the invention may be regarded 
as an electric signal transmission system having 
at least one thermionic valve amplifying stage 
provided with automatic gain control. arrange 
meats, comprising means including a rectifier 
adapted to limit the amplitude of the signal 
Voltage. applied to the amplifying... stage means 
for applying the automatic gain controlling volt 
age to the control grid of the amplifying valve 
and means. for biassing the rectifier independ 
ently of the gain controlling voltage: 
The invention will be described with reference 

to the accompanying drawing in which: 
Fig. ShoWS.a. Schematic circuit diagram of a 

Fadio receiver provided with amplitude limiting 
arrangements according to existing practice, 

Fig.2 shows a diagram-Which includes two 
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R2 shunted by a bypass condenser C2, 

2 
alternative forms of the limiting circuit accord 
ing to the invention; and 

Figs. 3 and 4 show performance curves of the 
arrangements of Figs. 1 and 2. 

Fig. 1 has been included in order to show an 
example of an arrangement already in use, for 
the purpose of explaining the reasons for its in 
perfect operation. It shows the first amplifying 
valve W of a typical radio receiver having the 
control grid connected to the secondary winding 
of the aerial transformer T. The cathode is 
connected to earth through a biassing resistance 

The anode 
is supplied from the high tension source con 
nected to the terminal 4 through a parallel re 
sonant circuit LC4 tuned to the signal frequency. 
The aerial transformer is tuned by a condenser 
C1 connected across the secondary winding, the 
condenser C3 being a bypass condenser. The all 
tomatic gain control voltage derived at terminal 
3 from some later part of the circuit (not shown) 
is applied to the control grid of V through a re 
sistance R1 and the secondary winding of T. 
The amplified output from the valve W is applied 
to the remainder of the receiver circuit (not 
shown) in any convenient way from terminals 
and 2. 
A diode D has its anode connected to the trans 

former T and its cathode to a suitable tapping 
point on the resistance R2 as indicated, which 
point may coincide with the cathode in certain 
cases. This diode is provided for the purpose of 
limiting the amplitude of the signals applied to 
the control grid when this amplitude exceeds 
some predetermined value. 
By the arrangement described, a positive po 

tential derived from the anode current potential 
drop in the lower part of the resistance R2 as far 
as the tapping point, is applied to the cathode 
of the diode. This effectively biasses the anode 
negatively to the cathode and the diode remains 
in a substantially non-conducting condition until 
the signal: amplitude exceeds the bias so applied. 
The presence of the automatic gain control volt 
age, however, interferes with the operation of 
the arrangement because this voltage is applied 
directly to the anode of the diode. As the incom 
ing signal level increases, so the automatic gain 
control voltage becomes increasingly negative 
and this increases the negative bias of the anode 
of the diode so that limiting does not occur until 
after the signal amplitude has exceeded Some 
larger Walte than that desired, in other Words the 
limitation occurs too late. 

It is to-be-noted that the action of the auto 
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matic gain control voltage also decreases the 
anode current of the valve W when the signal 
level increases, and this will make the cathode of 
the diode D rather less positive relative to the 
anode which is in a direction to compensate to 
some extent for the direct action of the con 
trol voltage on the anode of the diode. 
compensation is however only partial. 
The difficulty could of course be avoided by 

omitting the automatic gain control, but this is 
not a satisfactory solution, because it is generally 
necessary to compensate for variations in signal 
level for the weaker signals. 
Fig.2 shows the circuit of Fig. 1 modified ac 

cording to the present invention, and includes 
two alternative arrangements. Those parts of 
the circuit which are the same as Fig. 1 are 
designated in the same way and will not be again 
described. 
The control grid of the valve W is connected 

to the anode of the diode through a blocking con 
denser Cs, and the automatic gain control volt 
age is applied through the resistance R1 to the 
control grid. It is therefore now removed from 
the anode of the diode. The secondary winding 
of the transformer T is connected directly to 
ground, the by-pass condenser C3 shown in Fig. 
1 not now being required. 
According to the first alternative, a biassing 

source of suitable voltage is connected to the ter 
minals 5 and 6 so that the diode is biassed in 
dependently of the gain controlling voltage. The 
point at which limitation commences is now un 
affected by the operation of the automatic gain 
control. 
According to the second and preferred alter 

native advantage is taken of the variations of 
the anode current of the valve W to augment the 
amplitude limitation as the signal level in 
creases. The biassing source connected to ter 
minals 5 and 6 is omitted, and the cathode of the 
diode is connected instead to a tapping point on 
the resistance R2 as indicated by the dotted line 
in Fig. 2. The anode of the diode is now nega 
tively biassed in the same way as described in 
connection with Fig. 1, and as explained, the neg 
ative bias decreases as the signal level increases, 
due to the effect of the automatic gain control 
on the anode current of the valve W. The strong 
er signals are therefore more severely limited, 
which is a desirable arrangement, and the ad 
vantage of the automatic gain control is at the 
same time secured for the Weak signals. 
The advantage obtained by the use of the in 

vention in a typical case is indicated in Figs. 3 
and 4, the values quoted being arbitrary. In Fig. 
3 the voltage applied to the control grid is shown 
related to the voltage derived from the aerial 
for the following conditions: 
Curve A-Conditions of Fig. 1 but with the 

diode disconnected. 
Cure B.-Conditions of Fig. 1. With the diode 

Connected. 
Cutre C.-Conditions of Fig. 2 (preferred al 

ternative). 
in Fig. 4 the curve shows the relation between 

the input aerial voltage and the finally demodu 
lated voltage at the output of the receiver, for 
the Second alternative of Fig. 2, with the diode 
connected (curve D) and disconnected (curve 
E), respectively. 

Fig. 3 indicates that while Some improvement 
is obtained by the use of the diode in the con 
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4. 
amount of additional improvement. Fig. 4 shows 
that while an approximately linear relation be 
tween output and input is obtained for weak sig 
nails, when limitation begins, the preferred ar 
rangement of the invention produces if anything 
a slight decrease in output level with increase in 
signal level, while if the diode is omitted, an ab 
normal increase in output level is obtained. 

It will be understood that, although in Fig. 2 
the cathode of the diode is biassed from a re 
sistance connected in series with the Valve W, it 
could equally well be biassed in a similar way 
from any other subsequent valve stage which is 
affected by the automatic gain control. Fur 
thermore, the diode may be connected across the 
tuned circuit of any subsequent amplifying stage 
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Ventional arrangement, the preferred alternative 
form of the invention produces about the same 

instead of across the aerial transformer as shown 
in Fig. 2. For example, it could be connected 
across L1, the cathode being biassed from the 
next following stage. - - - - 

It should be pointed out that although the in 
Vention has been explained with reference to a 
radio receiver, the principles are applicable to 
any Signal transmission system having automatic 
gain control where amplitude limitation is re 
quired to deal with abnormal signal levels. Sub 
stantially the same results can be obtained by 
using some other type of rectifier instead of the 
diode, such as a copper oxide or selenium recti 
fier, provided that the frequencies involved are 
not so high that the self capacity of such recti 
fiers has a detrimental effect. 
What is claimed is: 
1. An electric signal transmission system hav 

ing at least one thermionic valve amplifying stage 
provided with means for securing automatic gain 
control and amplitude limiting means, said last 
means including a rectifier so connected as to 
limit the amplitude of the signal voltage applied 
to said amplifying stage, means connected so as 
to apply the voltage derived from said automatic 
gain means to the control grid of said ampli 
fying valve, and means for biassing said rectifier 
independently of said gain controlling voltage. 

2. System according to claim 1, also including 
a blocking condenser through which said rectifier 
is connected to said control grid of said amplify 
ing valve, the automatic gain controlling voltage 
being applied to said control grid via a metallic 
conducting path, whereby said blocking condenser 
permits said rectifier to be independently biased. 

3. An electric signal transmission system hav 
ing at least one thermionic valve amplifying stage 
provided with means for securing automatic gain 
control and amplitude limiting means, said last 
means including a rectifier so connected as to 
limit the amplitude of the signal voltage applied 
to said amplifying stage, means connected so as 
to apply the automatic gain controlling volt 
age to the control grid of said amplifying valve, 
and means for biassing said rectifier independ 
ently of Said gain controlling voltage, also includ 
ing a parallel resonant circuit tuned to the sig 
inal frequency, a source of biassing potential in 
dependent of said automatic gain controlling volt 
age and connections placing said resonant cir 
cuit, said source and said rectifier all in series 
With one another. 

4. System according to claim 3, in which said 
biassing potential is derived from the anode cur 
rent of said amplifying valve, whereby said po 
tential varies according to the value of said anode 
Current. 
: 5. System according to claim 3, in which the 
biassing means comprises a resistance connected 
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in series with the cathode of said valve, the bias 
sing voltage being derived from a predetermined 
intermediate point on said resistance. 

6. System according to claim 3, in which said 
rectifier is a diode, and also including a blocking 
condenser connected between the anode of said 
diode and the control grid of said amplifying 
valve. 

7. An electric signal transmission system com 
prising at least one thermionic valve having a 
control grid, an amplitude limiting rectifying 
means connected with the control grid, means 
biasing said rectifying means So as to limit the 
amplitude of the signal voltage applied to the 
control grid, an automatic gain control means 
connected to the control grid of the Valve, and a 
blocking condenser in the connection to the con 
trol grid between the connection for the rectify 
ing means and that for the automatic gain coin 
trol means. 

8. An electric signal transmission System coin 
prising at least one thermionic valve having a 
control grid, anode and cathode, an amplitude 
limiting rectifying means connected in shunt With 
the control grid, means biasing said rectifying 
means so as to limit the amplitude of the signal 
voltage applied to the input electrode including a 
resistance in the cathode circuit of the thermionic 
valve and a connection from the resistance to 
the rectifying means, an automatic gain control 
means connected to the control grid of the valve, 
and a blocking condenser in the connection to 
the control grid between the connection for the 
rectifying means and the automatic gain control 
e.S. 
9. An electric signal transmission System hav 

ing at least one thermionic valve amplifying stage 
having a control grid, means connected With the 
amplifying stage for securing automatic gain con 
trol, and amplitude limiting means, said last 
means including a rectifier connected with the 
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control grid to limit the amplitude of the signal 
voltage applied to said amplifying stage, and ad 
ditional means connected in the circuit isolat 
ing said automatic gain Controlling means from 
the amplitude limiting means whereby the volt 
age derived from the gain control means is Sub 
stantially prevented from adversely affecting the 
action of said amplitude limiting means. 

10. An electric signal transmission System hav 
ing at least one thermionic valve amplifying stage 
having a control grid, means connected with the 
amplifying stage for providing automatic gain 
control, and amplitude limiting means, said last 
means including a rectifier connected With the 
control grid to limit the amplitude of the signal 
voltage applied to said amplifying stage, addi 
tional means connected in the circuit isolating 
said automatic gain controlling means from the 
amplitude limiting means whereby the voltage 
derived from the gain control means is substan 
tially prevented from adversely affecting the ac 
tion of the amplitude limiting means, and means 
in the amplifying stage connected with the am 
plitude limiting means whereby the voltage from 
said automatic gain control augments the action 
Of the former. 

JOHN DOUGLAS HOLLAND, 
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