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This invention relates to frequency-modula 
tion receiving systems, and has for its principal 
object to provide an improved frequency-modula 
tion receiving System having a discriminator net 
Work adapted for multiple wave band reception. 
Frequency discriminator networks of the type re 
ferred to for the detection or conversion of fre 
quency modulated signals are shown, for example, 
in the U. S. patents to Seeley 2,121,103 and Con 
rad 2,047,640. 

It is also an object of the present invention 
to provide an improved frequency-modulation re 
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ceiving System having a frequency-discriminator 
network adapted for the reception and demodu 
lation of amplitude modulated signals. 
A further object of the present invention is to 

provide an improved frequency-discriminator 
network for the reception and conversion or de 
modulation of ultra -high-frequency amplitude 
and frequency-modulated signals selectively, and 
of relatively low frequency amplitude-modulated 
signals, with a minimium of circuit changes. 

It is a further object of the present invention 
to provide an improved frequency-discriminator 
network for the reception of both amplitude and 
frequency-modulated signals and for tuning in 
dication, With a minimum of circuit changes. 
The invention will further be understood from 

the following description, when considered in 
connection. With the accompanying drawing, and 
its scope is pointed out in the appended claims. 

In the drawing, 
Figure 1 is a schematic circuit diagram of a 

combined amplitude and frequency-modulation 
receiving system embodying the invention; 

Figure 2 is a similar Schematic circuit diagram 
of a modification of a portion of the circuit of 
Fig. 1; and 

Figure 3 shows curves illustrating certain oper 
ating characteristics of the circuit of Fig.1. 

Referring to Fig. 1, the circuit 5 is a frequency 
discriminator network for the reception of fre 
quency modulated signals, provided with a pair of 
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balanced rectifiers 6 and 7 preferably of the diode 
type as shown, from which converted signals are 
applied through suitable volume control means 8 
to an audio frequency amplifier system 9 and 
output device or loudspeaker 0. 
The discriminator network is preceded by Suit 

able intermediate frequency amplifier means 
represented by the amplifier stage comprising the 
tube and the input portion of a multiple band 
receiving system indicated at 2, through which 
signals are selected from any suitable signal 
source such as an antenna circuit 3. s 5 

The receiving System is of the multiple wave band 
type for receiving signals in a plurality of differ 
ing Wave bands, Such as an ultra high frequency 
amplitude and frequency modulated signal band 
and the normal broadcast and short wave bands 
at present in use for entertainment programs. 
The Wave band change means is indicated at 4, 
and variable tuning means for each band is in 
dicated at 5. As such wave band tuning and 
Selecting Systems are known and as any suitable 
System may be provided at 2, further description 
is unnecessary. 
The discriminator network 5 includes a tuned 

secondary inductance 6 having terminals con 
nected with the diode rectifier anodes 7 and 8 
and having an electrical center tap f 9 connected 
to a similar center tap 20 on the balanced rectifier 
output impedance or resistor network 2-22, 
each half of which is provided with a suitable 
bypass capacitor 23. The diode cathodes 24-25 
are connected with the terminals of the imped 
ance 2-22, the cathode 25 preferably being 
grounded as indicated at 26. The Cathode 24 is 
connected to a switch 27 having a contact 28 pro 
viding a connection with the ungrounded termi 
nal of the output impedance and having a sec 
Ond contact 29 connected to the grounded or 
first named output impedance terminal prefer 
ably through a ground connection as indicated 
at 30. 
The volume control device. 8 is connected in 

shunt with the output impedance 2-22 through 
a coupling capacitor 3 and is preferably of rela 
tively high resistance, thereby to provide a rela 
tively light load on the rectifier circuit and out 
put impedance. 
In accordance with the invention the use of 

a choke coil between the secondary terminal 9 
and the terminal 20 on the output impedance is 
obviated by interposing in the circuit ordinarily 
occupied by the choke coil one or more serially 
connected intermediate secondary windings such 
as a high frequency Winding 35 and a low fre 
quency winding 36, in series, the lower frequency 
Winding being more adjacent to the terminal 20. 
The main secondary 6 and the intermediate 

secondary 35 are each tuned to the same high 
intermediate frequency, Such as 5 m.c., for ex 
ample, by suitable shunt capacitors 37 and 38, 
respectively, the exact tuning adjustment being 
effected preferably by means of movable ferro 
magnetic tuning cores indicated at 39 and 40. 
The Secondary. Winding 35 is coupled to a pri 

mary winding 4 which is connected in the out 
put circuit 42 of the amplifier stage and is 
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tuned by a shunt capacitor 43 to the same inter 
mediate frequency of 5 mc., the final tuning ad 
justment also being effected preferably by a suit 
able ferro-magnetic tuning core indicated at 44. 
The tuned secondary 36, for low frequency 

broadcast and short Wave signals, for example, is 
tuned to a low intermediate frequency such as 
455 kc., by a suitable shunt capacitor indicated 
at 45 and is provided With a primary 46 coupled 
thereto as indicated and tuned by a similar shunt 
capacitor 47. Both primary and secondary are 
provided with suitable ferro-magnetic tuning 
cores indicated at 48 for the purpose of exact tun 
ing to the desired intermediate frequency. 
With this arrangement, the tuned primary or 
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primaries in the discriminator network provide 
coupling between the intermediate frequency out 
put circuit and the balanced or push pull Sec 
Ondary 6 and one or more additional Secondary 
windings 35 and 36 which are connected through 
the secondary 6 of the diode rectifiers 6 and 7 in 
parallel, that is, serially between substantially 
the electrical centers of the main secondary 6 
and of the rectifier output impedance 2-22. 

In the present example, the connection be 
tween the lowest frequency intermediate sec 
Ondary and the output resistor or impedance 
center tap is provided by a lead indicated at 50 
from which A. W. C. potentials may be derived 
With respect to ground through a lead 5f for the 
input portion of the receiving system as indi 
cated, in which case the I.-F. amplifier f is pref 
erably operated without appreciable signal lim 
iter characteristics. 
With this arrangement, whether operating in 

response to amplitude or frequency-modulated 
signals, the A. W. C. potential is derived from the 
resistor section 22 of the rectifier output circuit 
between ground 26 and the center tap 20. 
- With the switch 27 closed to the contact 28, as 
shown, normal frequency-modulation reception 
-is provided in which the rectifiers are connected 
with the main secondary 6 and the output im 
pedance 2-22 in balanced or push-pull rela 
rtion thereby to provide voltages in phase quadra 
ture at resonance and to convert the frequency 
-modulation on the carrier to audio signals in the 
LISUlalmanner. 
- In order to receive amplitude-modulated sig 
inals at either the high intermediate frequency 
of 5 mc., or the low intermediate frequency of 
455 kc., Switch 27 is moved to the contact 29 
thereby placing the diode rectifiers in parallel 
with respect to either of the tuned secondaries 
35 and 36 with the cathodes connected to ground. 
The impedance of the low inductance, high fre 
quency secondary 6 in circuit with the sec 
Ondaries 35 and 36 and the impedance of the 
relatively low inductance high frequency sec 
ondary 35 in circuit with the low freequency high 
inductance primary 36 is substantially negligible. 

For tuning indication, either for amplitude 
modulated or frequency-modulated signals, a 
tuning indicator device indicated at 55, may be 
connected with the lead 50 through a switch 56 
having a contact 57 connected with the tuning 
device and thence to ground, as indicated at 58, 
whereby the tuning indicator is placed in parallel 
With the output resistor section 22. . 

For frequency-modulation reception, it is de 
sirable to provide tuning indication during the 
tuning Operation. In the present system this is 
provided by closing the switches 27 and 5S to the 
contacts 29 and 57, respectively, until the tuning 
is completed. . . . . . . . . 
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Where a circuit of the Conrad type is used, 

the discriminator netWork may be modified as 
shown in Fig. 2 to which attention is now di 
rected, and in which like reference numerals re 
fer to the same circuit elements as in Fig. 1. 

Referring to Fig. 2, the intermediate frequency 
amplifier stage f is provided with an output cir 
cuit 42 including a pair of series connected pri 
mary Windings 60 and 6 and a third primary 
Winding 62 to the low intermediate frequency by 
a shunt capacitor 63 together with a ferro-mag 
netic tuning core 64. 
The primaries 60 and 6F are coupled to sec 

Ondaries 65 and 66, respectively, one being tuned 
above and the other being tuned below the mid 
frequency or carrier, of the frequency modulated 
signal, by suitable shunt capacitors 67 and 68, re 
Spectively, together with ferro-magnetic tuning 
cores 7 and 72. The rectifiers 6 and T are con 
nected with the mistuned input circuits and are 
differentially coupled to the output impedance 
2-22 as in the preceding modification. 
In the present circuit, however, the center tap 

for the input circuit is located between the sec 
Ondaries 65 and 66, as indicated at 73, and the 
low frequency secondary 74 is included serially 
in circuit between the center tap 73 and the cen 
ter tap 20 on the output impedance, through the 
lead 50. In the present example, the switch 56 
connected with the lead 50 is arranged to con 
nect the tuning indicator circuit and A. V. C. lead 
5 simultaneously to the lead 50 through the 
Contact. 57 for amplitude modulation reception 
Only, and tuning indication with amplitude mod 
ulation reception, the switch 27 being moved to 
the contact 29 to connect the rectifiers in paral 
lel. Therefore, these switches may be arranged 
to be operated jointly as indicated by the dotted 
COnnection 75. 
As in the preceding embodiment, the secondary 

74 of the low intermediate frequency trans 
former is tuned by a capacitor 76 in conjunction 
With the variable tuning core indicated at 77. 
The invention is applicable to any frequency 

discriminator network wherein the series sec 
Ondary circuit may be connected with a balanced 
Secondary circuit to provide push-pull or bal 
anced Operation of the rectifiers for frequency 
modulation reception and parallel operation for 
amplitude-modulation reception. This circuit 
arrangement furthermore permits the use of a 
rectifier output impedance and simplified switch 
ing means for connecting the diode output elec 
trodes to the terminals of the output impedance 
in balanced relation and to the same terminal 
of Said impedance for parallel operation. 
The Operation of the tuning indicator system in 

response to frequency modulation and amplitude 
modulation signals will be readily understood by 

- reference to the curves of Fig. 3, in which the 
curve 86-8 shows a resonance dip at 82 show 
ing that the Sound output for frequency modula 
stion signals falls off at reSOrlance, While the tun 
ing indication or tuning response of the indi 
cator rises at resonance as indicated by the curve 
83. For this reason the use of the indicator is 
important in connection with the tuning of fre 
quency modulation signals, since the sound out 
put falls off, the indicator being connected in 
Circuit by operation of the switches 27 and 56. 
The curve 83 also indicates the sound Output 

and the tuning response for amplitude modula. 
tion signals, providing maximum tuning indica 
tion and maximum sound output Simultaneously. 
From the foregoing description it will be seen 
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that the tuning indicator may be used for fre 
quency modulation tuning indication providing 
Silent turning at the resonance point which is a 
desirable feature of the tuning indication system 
shown and described. 

it is obvious that the switching control for the 
tuning indicator and detector may be incor 
porated with the tuning system in any suitable 
manner other than that shown and described 
herein by Way of example, - 
I claim as my invention: 
1. A radio signal receiving System comprising 

in combination, tunable signal receiving and Se 
lecting means, a frequency discriminator network 
for multiple wave band reception coupled to said 
first-named means, rectifier means in Said net 
Work including a pair of rectifier elements, means 
for connecting said eleinents in balanced relation 
to each other for frequency-modulation reception 
in One Wave band, and means for connecting 
said elements in parallel relation to each other 
through Said last named means for amplitude 
modulation reception in another wave band, and 
tuning indication means connected to said recti 
fiers in said parallel relation for tuning said Sys 
tem to frequency-modulated signals. 

2. A radio signal receiving system comprising 
in combination, tunable signal receiving and Se 
lecting means, a frequency discriminator network 
for multiple Wave band reception coupled to said 
first-named means, rectifier means in said net 
work including a pair of rectifier elements, means 
for selectively connecting said elements in bal 
anced relation to each other for frequency-modul 
lation reception in One Wave band and in parallel : 
relation to each other for amplitude-modulation 
reception in another Wave band, and means for 
producing a peak signal indication for tuning to 
resonance with a frequency modulated signal with 
substantially Zero output. 

3. A radio signal receiving System comprising 
in combination, amplifying means for Selected 
signals having an output circuit, a frequency dis 
criminator netWork including a plurality of pri 
mary Windings connected with said last-named 
circuit, a plurality of Secondary windings coupled 
to said primary windings, rectifier means con 
nected in balanced relation to one of said second 
alry windings, means providing a circuit through 
Said one winding and others of said Secondary 
windings in series for operating said rectifier 
means in parallel, an output circuit for said net 
Work including output impedance means, and 
means for connecting said rectifier means selec 
tively in balanced relation and in parallel rela 
tion to each other through said output impedance 
leaS., 
4. A radio signal receiving System comprising 

in combination, amplifying means for Selected 
signals having an output circuit, a frequency dis 
criminator netWork including a plurality of pri 
mary windings connected with Said last-named 
circuit, a plurality of secondary Windings coupled 
to said primary Windings, rectifier means con 
nected in balanced relation to one of said second 
alry windings, means providing a circuit through 
said one Winding and others of Said Secondary 
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windings in series for operating said rectifier 
means in parallel, an output circuit for said 
netWork including Output in pedance means, 
means for connecting said rectifier means selec 
tively in balanced relation and in parallel relation 
to each other through said output impedance 
means, and means for deriving a tuning indica 
tion from said output circuit when said rectifier 
means are connected in said parallel relation to 
each other. 

5. In a multiple waveband signal receiving sys 
ten, the combination of a frequency discrimina 
tory network comprising a plurality of primary 
WindingS, a plurality of secondary windings cou 
pled to Said primary windings, and tuned one to 
a relatively high intermediate frequency and an 
other to a relatively low intermediate frequency, 
rectifier means connected in balanced relation 
to one of Said Secondary windings, a circuit 
through Said one winding and others of said 
Secondary Windings in series for operating Said 
rectifier means in parallel, an output circuit for 
Said network including output impedance means, 
means for connecting said rectifier means selec 
tively in balanced relation and in parallel rela 
tion to each other through said output impedance 
means, and means coupled to said output in 
pedance for deriving a converted signal there 
from. 

6. In a frequency-modulation receiving sys 
tein, a frequency discriminator network compris 
ing a plurality of tuned inductances, rectifier 
means comprising a pair of rectifier elements, a 
rectifier output circuit including an output in 
pedance, a circuit connecting said rectifier 
elements in balanced relation between said in 
ductances and said output impedance, said cir 
cuit including at least two of said inductances 
in Series, means for tuning one of said series 
connected inductances to signals one at a rela 
tively low frequency and another at a relatively 
high frequency, and selective switching means 
for connecting said rectifier elements in parallel 
relation with each other to said output impe 
dance for response to signals at one of said fre 
quencies. 

7. In a frequency-modulation receiving sys 
tem, a frequency discriminator network compris 
ing a plurality of tuned inductances, rectifier 
means comprising a pair of rectifier elements, a 
rectifier output circuit including an output im 
pedance, a circuit connecting said rectifier ele 
ments in balanced relation between said induc 
tances and said output impedance, said circuit 
including at least two of said inductances in 
Series, means for tuning one of said series-con 
nected inductances to signals one at a relatively 
low frequency and another at a differing fre 
quency, selective switching means for connecting 
Said rectifier elements in parallel relation. With 
each other to said output impedance for response 
to signals at one of said frequencies, and means 
for deriving a tuning indication from said output 
impedance in response to parallel operation of 
Said rectifier elements. 

WENDEL. I. CARLSON. 

  


