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rIhis invention relates to band-pass ?lter cir 

cuits and particularly to variable selectivity?lter 
circuits employing crystal resonators coupling 
two tuned circuits. . v ' 

According to the invention a band-pass .?lter 
comprises two tuned "circuits, crystal resonator 
means coupling said tuned circuits, means for 
neutralising the capacity of said crystal resona 
tor, means for short circuiting said crystal res 
onator, and switch means operable to control the 
effective impedance of said tuned circuits in such 
manner that in one position of said switch means 
said tuned circuits are tuned to the series-res‘ 
onant frequency of said crystal and in another 
position of said switch means said tuned circuit 
are tuned‘ one above and the other below said _ 
series-resonant frequency. 
The means for short circuiting the crystal res 

onator and the switch meansmay be so inter 
related that, the said switch is effective to control 
the impedance of said tuned circuits when said 
crystal resonator is not short circuited. _ ' 
Where the band pass ?lter is applied to the 

?rst inter-valve stage or a multi-stage intermedi 
atefrequency ampli?er switch means may be 
provided such that when the crystal resonator 
is included-in the said band-pass ?lter the value 
of the coupling in subsequent stages is constant 
and that when said‘ crystal resonator is short 
circuited the value of the coupling is variable 
wherebythe overall selectivity-response is varied. 
The invention is illustrated in the accompany- 

ing drawing whereof Figure 1 is a circuit dia 
gram of an arrangement 
invention, and Figure 2 is a circuit ‘diagram of a 
second embodiment. ' , " 

In the circuit carrying the invention into ef 
fect as applied to the ?rst 
intermediate frequency ampli?er, and as illus 
trated in Figure 1, the anode of a valve VI is 
connected as is usual to a tuned circuit compris 
ing an inductance LI and condenser Cl 
allel, the remote end of the inductance being 
connected to a source of anode potential. The 
anode is also capacity coupled by condenser C4 

‘_ to one electrode of a crystal resonator Q,- series - 
resonant ‘at the desired intermediate frequency. - 
The other electrode of the crystal resonator is 
connectedto a tuned input circuit, comprising 

capacity 02 of a second 
valve V2grid bias being applied by way of the 
inductance of said’ input circuit. The said other 
electrode of the-crystal is also‘ connected to the 
capacity element of a neutralising- circult com 

- prising a‘ capacity 03 and inductance L2 in series, 

in accordance'with the 

in par... 

. the inductive element being coupled to the in 
ductance of the ?rst tuned circuit andconne'cted 
to the end thereof remote from the anode con 
necti'on.. In addition, the two electrodes of the 
crystal resonator. are connected to thetwoter 
minals of a short-circuiting switch SI and also 
to two ?xed terminals of a change over switch 

' S2. The blade of the change over switch S2 is 
connected to one terminal of a condenser C5 
the other terminal of which is conected to earth. 
In one position of the change-over switch S2,‘ 
and when the short-circuiting switch SI is open, 
this last mentioned condenser C5‘ is eifectively 

. "in parallel with the condenser CI .of the ?rst 
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intervalve stage of an - 
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55 and‘ capacity oisaid 

. transferrable condenser 05 

tuned circuit and the two tuned circuits Ll Cl, 
L2 02 are then tuned to the intermediate fre 
quency, and in the other position of the change 
over switch S2 the last mentioned condenser 
C5 is ‘removed from the ?rst tuned circuit and 
connected’ effectively’ to parallel with the con 
den'ser C2 of the second tuned circuit. In this 
last condition the ?rst and second tuned circuits 
,Ll Cl, L2 C2 are tuned respectively above ‘and 
below the intermediate frequency. to a like 
amount, depending inter alia upon the value of 
‘the condenser 05 transferred. When the crystal 
is short circuited, this condenser is in parallel 
with those (CI, C2) in both tuned circuits. 

In- another embodiment of the invention il 
lustrated in Figure 2, as applied to a multi-stage 
intermediate frequency ampli?er, the change 
over switch Sl2 is provided with a plurality of ' 
contacts whereby, in one position ‘(position 2) 
of the switch, theicrystal Q is in circuit and ‘the 

is e?ectively in par 
allel with the capacity CI of -the ?rst tuned 
circuit, ‘in another position (position 1) the crys 
tal is in circuit and-the transferrable condenser 
05 is eii’ectively in parallel with the capacity 
C2 of the second tuned circuit, and ma third 
position (3) the crystal is short-circuited, and in 
all these positions the coupling in- subsequent in 
tervalve stages remains constant. In subsequent 
positions. of the change over switch Sl2 the cou-' 
pling of the subsequent stage- or stages is varied. 
This may be effected by providing'jthe change 

' over switch with a plurality of sets of arms Sl2'-, 
SH" and sets of contacts (or gang controlling a 
number ofiurther switches with the change 
over switch). The further sets of contacts are 
connected to tapping points ‘on the inductance 
L2),- L2)! 
stages and the switch 'arm‘ is connected so. as to 
complete the connection 

timed circuit. _ 

of one tuned circuit of said subsequent ’ 

between the inductance 



' 2 

Where further increase of the overall selec 
tivity of the ampli?er, when not using the crystal, 
is desired it is possible so to arrange matters that 
the two tuned circuits of the crystal coupled 
stage are not arranged in parallel relation but 
function as a single tuned circuit. , This may be. 
effected by providing means for varying the e?‘ec 
tive value of the condenser C5 to a value which 
differs from the value of the neutralizing con 
denser C3 by an amount necessary to produce any 
required degree of coupling. 
Where it is desired to obtain wide. pass-band 

conditions, the change-over switch SE2 maybe 
arranged in the subsequent positions (e. g., t and 
5). or in some of them, to connect damping re~ 
si'stances R4 and R5, of di?ering values for each 
position, across the two tuned circuits. 
What we claim is: 
1. A band-pass ?lter comprising two‘ tuned cir 

cuits, crystal resonator means coupling said tuned 20 
circuits, means for-neutralising the capacity of . 
said crystal resonator, a‘ pair of contacts each 
connected to one terminal of the crystal resonator 
means, a ?rst switch means having a reactance 
connected therebetween and;a point common to 
both tuned circuits selectively operable to,con 
tact one or the other of said pair 01 contacts to 
control the effective impedance of said tuned cir 
cuits in such manner that in one position oi’ said 
switch means said tuned circuits» are tuned to 
the series-resonant frequency of said crystal and 
in another position of said switch means said 
tuned circuits are tuned one above and the other 
below said series-resonant frequency, and a sec- 
ond switch means for selectively open-circuiting 
or short-circuiting the crystal resonator, both 
switch means being 'so inter-related that when 
said second switch is open-circuited the ?rst 
switch means is effective to control the impedance 
of said tuned circuits, and when said crystal 
resonator is shortecircuited, in either position of 
the ?rst switch, the reactance connected thereto 
is included in parallel with each tuned circuit. 

2. A crystal ?lter of variable band-pass width‘ 
comprising a. pair of tuned circuits, a crystal ele 
ment for coupling said circuits having one ter 
minal connected to one-circuit and a second ter 
minal connected to the other circuit, a reactance 
element and a resistor each having one terminal 
connected to a point common to both timed cir 
cuits, and a muIti-position switchnn successive 
positions thereof adapted to connect the reac 
tance element across one of said tuned circuits. 

‘ connect said reactance across the other of said _ 
tuned circuits, connect said reactance across both 
of said tuned circuits and simultaneously short 

across the reactance in addition to the last-named 
connections. , 

40 

45 

£308,258 
' 3. A multi-stage ampli?er comprising a. plu 
rality of cascade-connected electron discharge 
tubes provided with coupling means between suc 
cessive tubes, at least one of said coupling means 
being variable, and at least another of said cou 
pling means comprising a piezo-electric crystal, 
switch means for selectively short-circuiting the 
crystal or connecting the crystal to couple suc 
cessive tubes, and means under the control of 
said switch means for varying the value of said 
variable coupling means when the crystal is 
short-circuited and for maintaining constant the 
value 01’ said coupling means when the crystal is 
e?ective. ' . 

4. A multi-stagexampli?er comprising a plu 
rality of cascade-connected electron discharge 
tubes each provided with an input and an output 
circuit, means for variably coupling an output 
and an input circuit of certain successive tubes, a 
piezo-electric crystal constituting the coupling 
means between an output and an input circuit of 
other successive tubes, switch means for selec- ’ 
tively short-circuiting said crystal or connecting 
the crystal in coupling relation, and means under 
the control of said switch means for varying the 
value of said variable coupling means when the 
crystal is short-circuited and for maintaining 
constant the value of said coupling means when 
the crystal is e?‘ective. » 

5. A multi-stage intermediate frequency am 
pli?er comprising a- plurality of cascade-con 
nected electron discharge tubes each provided 
with a tuned input and a tuned output circuit, a 
piezo-electriccrystal coupling successive tuned 
output and tuned input circuits,- means for var 
iably coupling the next successive tuned output 
and tuned input circuits, a reactance element 
and a resistor each {having one terminal con 
nected to a point common to both tuned cir 
cuits having the crystal coupling'therebetween, 
and a multi-position switch .in successive posi 
tions thereof, adapted to connect the reactance 
element across one of said tuned circuits,» connect 
said reactance across the other of said tuned 
circuits, connect/said ‘reactance across both of 
said tuned circuits and simultaneously short 

, circuiting the crystal, 'and to shunt said resistor 

50 

> circuiting the crystal, and to shunt saidresistor , 

across the reactance in addition to the last 
named connections, a second multi-position 
switch controlled in unison with the ?rst switch 
and associated with the variable coupling means 
so constructed and arranged that in the ?rst 
three positions the degree otlcoupling is ‘main 
tained constant and in the next position the 
coupling is varied. ‘ 
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