June 26, 1945. . ziEGLeR ETAL 2,379,395

F-M TRANSCEIVER

Filed May 5, 1944 3 Sheet's—Sheetq 1
. Z.
Y 79 T T 77 o T T T TTTTTTTo ] -

0| POWER VARIABLE REACTANCE A I

N By AMPLIFIER FREGUENCY 4 TUBE |
Il OSUILLATOR} I
| — ~ATTENUATOR :

' 7'\ 27 74 |
L __ %7 e
B2 _ 26 r‘/ {
| 77 , Zé\ | I-F. 4
/*‘«76 25 n MIXER AMPLIFIER |t :
' Loogr T

zz ,' (LS 'A:ﬁu;m ') Z6 z5 z8 {

- A / (. l : PILOT l |
; >. Z3 (1 joscuTorl . 2.z :

i I .
;" . ) % |
B H——— T ;
_Z/?Z(;. Z.

V% | ) i
/ 0 <
T T T T T T T T s e T s e -
! 27 IRk 27038 19,57 Z0 B T e |
| / J6 N / // i L 7 . N = ||
I R F POWER / rver A | fvariagie | [Reacrance 39 /——% ~ I |
| AMPLIFIER}—€ AMPLIFIER fet0siLLATOR TUBE ~ - 5}:1 |
= ', ' ] . w0 € |22 ||
- A S — e e _ — -

» arlla 25| 28'" 257 28" 35 ﬁf 51)] |
Y artenoanr® 2| 11 F 2. L F. Frequency] | ] FIeER
|/ 25— HER [{merrier| 2 mixer [ampurisr | counter W —{
! | FILTER |
' R, . l I ! | | | Az !

72! l AMPLIFIERE=] | I 46 j{[‘: [ 07% / 1 :
4 “rt=t42) 16"

@ g e _mm el ol e
| | a2t ,)L_-’f_gfi___“'____________HU / i
L___'___-[_'______' ______ A |

74 PLATE
SUPPLY /3 .
MARC ZIEGLER
- JUAN FRANCISCO VISSCHER
LUILS JOSE CAVALLERO
INVENTOR.

.




June 26, 1945,

M. ZIEGLER ET AL

F-M TRANSCEIVER
Filed May 5, 1944

2,379,395

3 Sheets-Sheet 2

Vs 4 P74
7/ - . .
i 29 20| 7 :
7 |
N\ Oy b o
POWER VARIABLE REACTANCE
OSCILLATOR! TUBE . /[_:
BT
ATTENUATOR :
’ |
= e — e — S — = — — !
25 28 257 28" 29 | |
. — | | FiLTer
i 41.F 2.1.F | [piscri _— __,
LMIXER [—{AMPLIFIER( 2 MIXER [HAMPLIFIER[ MINATOR [T ———F — |
| | FicTer Haveurier |
X : l C |
67 /‘%> R d A
picor | ‘|sereropwe |
—0SCILLATOR] {OSCILLATOR (”’—’1 72’ |
k ° 1
1] ’ ’5’ ” 7 ” I A’ |
__-l__f‘yf__(éé_ffi _______ I s R
. . . - - .
. L2G. T
/Z] 75 /1.9 . /Zﬂ
R.EPOWER VARIABLE REACTANCE
AMPLIFIER MIXER OSCILLATOR © TUBE
10Mfs Big M:Zs
69 L]
ATTENUATOR ATTENUATOR
ey | e 2
69/ ;_ ——/257 - 28 2B '_/—2?”~ 721_9 | , j(,:) :
[ 2.I.F piscr | | 4 FILTER
. ; 2. MIXER —?{nmﬂ =] minator
{ <[5 . I A. F.
N || PTER Flaweures ?:]
} |
A | Cer 7 .
R. F | | _j7 8
bt %PHFI ] ]
c /S “w
o T i
SCILLATO “
: i Y 2 |
. !
- | ’
I i
MARC ZIEGLER
JUAN FRANCISCO VISSCHER.
LUILS JOSE CAVALLERO

INVENTORS

ATTORNEY



June 26, 1945. M. ZIEGLER ET AL , 2,379,395
F-M TRANSCEIVER '

Filed May 5, 1944 ' 3 Sheets~Sheet 3

2. 3.

4
DRIVER- A.F. AMPLIFIER 17"

27 J6 g9 20 :
/ j ] ” 5] “ 5-[
REPOWER F. M. I"REACTANCE 6" ) /
AMPLIFIER osOLLATIRE=]  TUBE FTER] |
|70 = JFTER
7
ATTERUATOR 7
37,//
’ VA4
;7??
22 ] ’ _ - ]
/61
./ 26 5| 28 25
/ L /-
| I. F

] FREQUENCY PILOT
i MULFIPLIER =] OSCILLATOR| -

L,

. 4 ( . { ,

/ : / By
' <y e | 43

} SUPPLY

. , G
15 1.MIXER H-1AMPLIFIERP™ 2. MIXER |
/ f |
1
Nl I [ T 1T
. AMPLIFIER] A
- ’

INDUCTANCE FREQUENCY CD.UNTE.R :

- MARC ZIFGLER.
' JUAN FRANGISCO VISSCHER

LUIS JOSE CAVALLERO
, INVENTOR.

ATTORNEY




Patented June 26, 1945

2,379,395

UNITED STATES PATENT OFFICE

2,379,395
FM TRANSCEIVER

Mare Ziegler, Juan F. Visscher, and Luis J.
Cavallero, Buenos Aires, Argentina, assignors to
Hartford National Bank and Trust Company,
Hartford, Conn., as trustee

Application May 5, 1944, Serial No. 534,320
(Cl. 250—13)

9 Claims.

The present invention relates to an electrical
apparatus for alternatively receiving and trans-
mitting frequency modulated waves of the same
mean Ifrequency and more particularly to a
“transceiver” unit, especially useful in mobhile
frequency modulation communication systems.

In the prior art, as far as we are aware, the
receiving and the transmitting channels of FM

transceivers for mobile use are designeq as two

electrically independent units, which usually also
form two mechanically independent devices.
However, since frequency modulation receiving
and transmitting circuits comprise a relatively
large number of circuit elements, the actyal FM
transceivers require a rather large mounting
space, especially so if frequency stabilization is
to be incorporated in the receiving or transmit-
ting channels, or both.

We have now found that frequency modulation
‘transceivers, including the receiving and trans-
mitting channels in one compact unit and hav-
ing excellent performance characteristics, can be
obtained by utilizing during transmission the
superheterodyne frequency detection system of
the receiving channel to complete a frequency
stabilizing link in the transmitting channel, thus
maintaining the mean frequency of the outgoing
wave at a predetermined value.

For this purpose, the input and output circuits
of the superheterodyne frequency modulation de-
tection system which, as is well known, may in-
clude one or more frequency changer means,
together with the corresponding heterodyne osecil-
lators, intermediate irequency amplifiers and a
frequency = discriminator,
switching means adapted to couple said input
and output circuits to the output amplifier and
frequency control means of the variable oscillator,
respectively. Consequently, during transmission,
the emitted wave is stabilized at a mean fre-
quency differing by a predetermined amount.from
the frequency of the first heterodyne oscillator of
the frequency detection system.

It is therefore one of the main objects of the
invention to provide a frequency - modulation
transceiver, of simplified, compact and light con-
struction by utilizing the frequency detection
system of the receiving channel as part of a
frequency stabilizing link during transmission.

A further object of the present invention is to
‘provide a frequency modulation transceiver com-
prising a minimum of tube and circuit elements,
but possessing performance characteristics equal
to those obtained with more voluminous ‘units

are provided with -
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including independent receiving and transmit-
ting channels. , : L

A still further object of the present invention is
to utilize g common quartz-crystal controlled
oscillator for generating the heterodyne and pilot
oscillations during reception or transmission re-
spectively. . .

A further object of the present invention is to
render possible the construction of a low-cost FM
transceiver including frequency stabilization in
one or both circuit channels. ‘

Other objects and advantages of the invention
will become apparent to those skilled in the art
from the course of the following description, when
read in conjunction with the accompanying draw-
ings, which form part of the specification and
which illustrate several preferred embodiments
of the invention by way of example only.

In the drawings:

Fig. 1 is a block diagram schematically showing
one preferred embodiment of the FM transceiver
according to the present invention in a position
corresponding to reception.

Fig. 2 illustrates an arrangement of a FM trans-
ceiver which differs from that of Fig. 1 in that a
double conversion frequency detection system is
used in the receiving channel and that the audio-
amplifying means of the receiving channels is
alternatively used as driver and/or frequency
amplifier in the transmitting channel,

Fig. 3 is a block diagram similar to that shown
in Fig. 2 but differs therefrom in that the wiring
diagrams of several circuit elements are given.

Fig. 4 illustrates another embodiment of a FM
transceiver in which during transmission the
entire frequency stabilizing link is transferred
from ithe receiving to the transmitting channel,
and finally

Fig. b exemplifies another modification of the
FM transceiver schematically shown in Fig, 4.

The same reference characters are used to indi-
cate like or corresponding parts or elements
throughout the drawings. )

Referring now to Fig. 1 it can be seen that the
frequency modulation transceiver according to
the present invention comprises a receiving chan-
nel A, a fransmitting channel B and an antenns,
10 coupled to the movable contact member {1 of
& double-throw single-pole switch 12, the station-
ary contacts 12’ and 12’ of which are connected
to the input of receiving channel A and the out-
put of transmitting channel B, respectively.

Receiving channel A is constituted by a radio-
amplifier stage 13 for amplifying the incoming
wave and the input circuit of which is connected
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to contact 12’ of antenna switch (2, a super-
heterodyne frequency modulation detection sys-
tem C having input and output terminals I4
and [5, respectively.

Receiving channel A further comprises a filter
circuit #8’ having low-pass characteristics and
coupled to an audio amphﬁer 7. prov1ded with a
loudspeaker 18.

Transmitting channel B of the FM transceiver
according to the present invention comprises a
variable frequency local oscillator 19 having fre-
quency controlling means in form of a reactance
tube 20 and coupled to a radio frequency power
amplifier 2i, the output circuit, of Wthh is con-
nected to statlonary contact  12’* . of antenna
switch 12 as explained hereinabove. Transmit-
ting channel B is completed by a filter circuit 16"
having a low-pass characteristic and connected
together with a microphone 22, to the input of
reactance tube 20.

Frequency detection system C is-constituted by
a mixer stage 23 having one input circuit con-
tinually coupled to heterodyne oscillator 24, while
the-other input thereof, forming-the input cir-
cuit- #4 of frequency detection system:C, is con-
nected to the movable contact member -25 of a
double-throw single-pole switch 26, -stationary
contact 26’ of which is connected to the output
of R. F. amplifier {3, -A coupling link 27 pro-
vided with attenuator means 271’-is connected be-
tween output circuit  of power amplifier 21 and
fixed contact 28’ of switch 26, attenuator means
2T’ being adjusted to (_:onduct only part of the
outgoing wave energy toinput 14 of the frequency
detection system in the correspondmg position
of switch 28.

The output of mixer -stage 23 -is coupled
through intermediate frequency-oscillation am-
plifying means 28 to a frequericy discriminator
29 generating a direct voltage, the amplitude and
sisn of which are substantially proportional to
the deviations of the incoming signal from-a pre-
determined nominal ‘freguency ‘corrésponding to
the mean frequency of the commumcatmn chan-
nel.

As can be seen in the drawings, the output of
frequency discriminator 29 constitutes the out-
put-circuit 15 of the frequency modulation detec-
tion system C and is coupled to the movable con-
tact member 30 of an output swit¢h 3f, the sta-
tionary contact 31’ of which is connected to the
input of the receiving channel’ low-pass- filter
i16’, while the other stationary contact 31’ of
sald switch is coupled to the input of the trans-
mitting channel low-pass filter (6",

As indicated by the dot-dash line 32, antenna
switch 12, input switch 26 and output switch 31
are controlled by a common control element (not
shown in the drawings) and hence are simulta-
neously transferred from one operating position
corresponding” to reception to the other posi-
tion corresponding to fransmission.

In the drawing shown in Fig. 1, switches 12,
26 and 3! are illustratéd in a position correspond-
ing to reception. Thus the frequency modulatlon
detection system 'C is completed to a super-
heterodyne receiver, in which the incoming wave,
after having been amplified in the R. F. ampli-
fier 13, is mixed with heterodyne oscillation gen-
erated by oscillator 24 to obtain an intermediate
frequency -oscillation. - This in turn is ampli-
fied in intermediate amplifier 28. As is well
known, the  intermediate -frequency - oscillation
follows the frequency deviations of the incom-
ing wave, so that the output voltage generated
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by frequency discriminator 29 and applied
through filter {6’ to audio amplifier {1 and loud-
speaker 18 represents the intelligence carried by
the incoming wave.

However, during transmission the input ter-
minal {4 of frequency detection system C is
transferred, by means of switch 26, to coupling
li‘nk 21, while output terminal 15 of the detec-
tion system is switched over to the transmitting

channel low-pass: filter 16’” and is thus coupled

to reactance tube 28 controlling the frequency
[ {8.. Antenna
switch 12 transfers simultaneously antenna (0 to
the output circuit of power amplifier 21,

The frequency of variable oscillator 19 may now
be varied in accordance with the modulating po-
tential impressed upon reactance tube 20 by
microphone 22. However, due to the low-pass
characteristics of fiiter 16°’ and in view of the
coupling established by input switch 26 and out-
put switch 31, frequency detection system C forms
together with reactance tube 20 a frequency sta-
bilizing link which maintains the mean frequency
of oscillator I8 at a value differing by a prede-
termined amount equal to the intermediate fre-
quency from the heterodyne oscillation -gener-
ated by oscillator 24. . It will be understood that,
due to the action of this frequency stabilizing
link, the mean frequency of the outgoing wave
will substantially correspond to the frequency of
the incoming wave, so that the frequency modu-
lation transceiver, according to the present in-
vention, will be automatically maintained in the
assigned communication channel.

Hence, in view of the switching means pro-
vided at the input and output circuits of fre-
duency detection system C, the various circuit
elements thereof are alternatively used during
reception and transmission, thus lowering the
cost of the equipment.

Those skilled in the art will understand that
the receiving and transmitting channels A and B,
respectively, of the FM transceiver, illustrated in
Fig. 1, have been shown as block diagrams rep-
resenting the main operating elements of these
channels only. In fact, the frequency of variable
frequency oscillator 19 will have to be consid-
erably multiplied and amplified in one or more
driver stages before applymg it to power ampli-
fier 21,

Similarly, in view of the image to signal ratio
required for the correct operation of the receiv-
ing channel and in order to convert the wave into
an oscillation of lower frequency suitable to be
detected by the frequency discriminator 29, the
frequency detection system C generally will be
of the double conversion type.

A frequency modulation transceiver constructed
in accordance with the above considerations is
diagrammatically shown in Fig. 2, where it can
be observed that the general circuit layout is
quite similar to that illustrated in Fig. 1, but dif-
fers in that the frequency detection system C’
comprises a first and second mixer stage 23’ and
23’’ respectively, with the corresponding inter-
mediate frequency amplifiers 28’ and 28’' and
frequency discriminator of the counter type 33.

In order to simplify the circuit layout of the

"frequency detection system, only the second

heterodyne oscillator 24’ is constituted by a crys-
tal-controlled oscillator. The first heterodyne
oscillation is obtained by derlving a harmonic
oscillation from oscillator 24’ by means of a
multiplier stage 34 and injecting this harmonic
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oscillation into the heterodyne input circuit of
first mixer 23’. ) BRI

The circuit layout of the FM transceiver shown
in Pig. 2 differs from that illustrated in Fig. 1
in that audio amplifier 17" connected in the re-
ceiving channel after lowpass filter 16, is per-
manently inserted between variable frequency
oscillator 19 and power amplifier 21 and is used
as driver stage during transmission, as will be ex-
plained hereinafter. S -

As can be seen in the drawing of Fig. 2, audio-
frequency amplifier-driver stage 171" is provided
with two output circuits 35 and 36, the first be-
ing connected to loud-speaker 18, while the lat-
ter is coupled to power amplifier 21 of the trans-
mitting channel B. Audio-frequency amplifier-
driver stage 17/ is further provided with two in-
put circuits 37 and 38, the latter being coupled
to the output of variable oscillator 19. Input cir-
cuit 31, corresponding to the receiving channel A
is connected to the movable contact arm 39 of
a swtich 40 the stationary contact 40’ of which,
corresponding to reception, is coupled to the out-
put of filter circuit 16°, while the opposite con-
tact 40’ thereof is connected to ground. Input
circuit 31 of A. F. amplifier-driver 11" is thus
transferred to ground potential during transmis-
sion, and this change over is considerably sim-
plified in view of the different impedance char-
acteristics of the radio and audio input circuits,
38 and 37, respectively.

Furthermore, in order to avoid interaction of
transmitting channel B on receiving channel A
during reception, and also to lower plate current
consumption, a single-pole double-throw switch
41 is connected with its movable contact element
42 to the plate supply 43 of the transceiver, fixed
contact 41’ corresponding to the receiving chan-
nel, being arranged to supply the necessary plate
voltage to R. F. amplifier 13, by means of con-
ductor 44. The plate voltages for reactance tube
20, variable frequency oscillator 9 and power
amplifier 21 are supplied by means of conductor
45 connected to fixed contact 41’ of switch 41.

The various circuit elements of frequency de-
tection system C are permanently connected to
_plate supply 43 by means of conductor 46. As
indicated by the dot-dash line 32’ switch 40 and
supply switch 41 are simultaneously operated with
antenna switech 12 and input and output switch
26 and 31, respectively. :

In one practical embodiment of a FM trans-
ceiver accordiriz to the present invention, de-
signed for a communication channel having a
nominal mean frequency of 33.663 me./s., the sec-
ond heterodyne oscillator 24’ was generating an
oscillation of 4.22 me./s., the seventh harmonic
of which, i. e. 29.54 mc./s. was derived by means
of frequency multiplier 34, so that the first and
second intermediate frequency amplifiers were
tuned to 4.123 me./s., and 97 ke./s., respectively.

Variable frequency oscillator 18 was generat-
_ing the second sub-harmonic of 33.663 mc./s.,
while the R. F. channel 38, 36 of driver stage (M
was designed as R. F. doubler. :

Hence, when the switches are in a position
corresponding to reception (as shown in Fig. 2),
the incoming signal is first amplified by R. P
amplifier I3 and then heterodyned and trans-
formed into an audio-frequency by frequency
detection system C’, the audio-frequency ob-
tained being then applied to the audio-amplify-
ing channel of 31, 35 -of driver 11" and repro-
duced by loudspeaker 18, .

Since the first heterodyne- oscillation is a har-
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monic ‘of -the pilot oscillation genérated by 24,
the tuning stability of receiving channel A de-
pends mainly upon the stability of pilot oscil-
lator 24’ which, generally, comprises a quartz-
crystal as a frequency controlling elenient, so
that a tuning stability as high as desired can be
obtained. :

During transmission, input switch 26 and out-
put switch 3{ transfer frequency detection sys-
tem C’ from the receiving to the transmitting
channel to.complete a frequency stabilizing link
controlling the frequency of variable-frequency
oscillator 19, so-that the mean frequency of the
outgoing - wave corresponds -to the mean fre-
quency of the incoming signal. In fact, the fre-
quency stabilizing link maintains the mean ire-
quency of the outgoing: wave at a value differ-
ing by the first intermediate frequency from the
frequency of the first heterodyne oscillation.

The block diagram shown in Fig. 3 is similar
to that of the Fig. 2, the circuit layouts of fre-
quency counter discriminator 33 and A. F. ampli-
fier-driver . stage 17’ being shown in detail.
With particular reference to frequency  dis-
criminator 33 it can be seen that the circuit
thereof corresponds to a compensated inductance
counter, the operation of which has been fully
described in prior U. S. patent application Serial
No. 477,990, filed on March 4, 1943-by Marc
Ziegler. The counter is constituted by a count-
ing tube 46 having its control grid coupled to
the output of the second intermediate frequency
amplifier 28, while the plate circuit of the tube
is formed by current limiting resistance 41 and
a primary winding 48 of a transformer T, con-
nected with one of its ends to conductor 49 de-
rived from plate supply 43. - A potentiometer P
formed of two series connected resistances 80 and
51 ig inserted between conductor 49 and ground
potential. - .

The secondary winding 52 of transformer T is
inserted in a . rectifier circuit constituted by a
diode 53 and load resistance 54.  The junction -
point between resistance 54 and the cathode of
diode 53 is connected to the junction point be-
tween resistances 50 and 51, while the other end
of the load resistance, constituting the output
terminal 15 (see Fig. 2) of the frequency detec-
tion system C’ is coupled to switch 31 in a man-
ner described hereinbefore.

Resistances 50-and 51 are designed so that the
output voltage of compensated frequency dis-
criminator 33 will be zero when the mean fre-
quency of the incoming wave corresponds to the
nominal frequency of the communication chan-
nel and due to the compensating action of po-
tentiometer P, the zero working point of the
discriminator will be maintained independently
of variations in plate supply 43. .

Audio-frequency amplifier-driver stage 11’ in
cludes a power amplifier tube 55 the control grid
ge of which is permanently coupled by means of
coupling condenser 56 to the output of variable
frequency oscillator 19 and is provided with ‘a
grid leak resistance 51 constituting the A. F. in-
put circuit 37 connected to switch 40 as already
explained hereinabove.

The plate circuit of tube 55 comprises a paral-
lel resonance circuit 58 tuned to the second har-
monic of the oscillation generated by oscillator
19 and constituting the R. F. output circuit 36
of the driver stage, corresponding to the trans-
mitting channel B of the transceiver. Tuned cir-
cuit 58 is connected in series with primary wind-
ing 59 of an output transformer Ti, the second~




4

ary winding 60 of which is connected to loud-
speaker 18, transformer T1 constituting the A. F.
output circuit 35, corresponding - to recelvmg
channel A of the FM transceiver.

The end of primary winding §9 remete from
resonance circuit 58 is connected by means of
conductor 61 to the plate tension supply -43 to
which screen grid gs of tube 55 is also connected.
- In order to provide the necessary operating
bias for tube 55 and at the same time obtain a
D. C: current supply for the carbon microphone
2_2,’. three resistances 62, 63 and 64 are connected
in series between the positive pole of plate supply
43 and ground potential, the cathode of tube
5§ being connected to, the junction point between
resistance 62 and 63, while the junction point
between resistances 63 and 64 is connected by
means of conductor 65 to one terminal of carbon
microphone 22’ the other terminal of which is
connected to the primary winding of a micro-
phone transformer T2 whose secondary . wind-
ing is coupled. to the input circuit of reactance
tube 20 in a manner known in the art. The
Junction points between resistances 62, 63, and
§4. are provided with the necessary radlo and
audio frequency. by-pass condensers so that the
D. C. voltage existing across resistance 64 does
not contain A. C. components and can be ysed
as, supply-source for carbon microphone 22‘.

It has been already pointed out, hereinabove
that the main feature of the frequency modula-
tion transceiver, according to the present inven-
tion conmsists in that the superheterodyne fre-
quency detection system of. the receiving chan-
nel, during transmission, is switched over to the
transmitting channel to. form, in combination
with reactance tube 28 and variable frequency
oscillator 19, a stabilizing link which maintains
the. mean frequency of the outgoing wave at.a
value substantially corresponding to the mean
frequency of the incoming signal, Consequently,
the frequency stability: in the FM transceivers,
according to Figs. 1, 2 and 3, depends on the
stability of the heterodyne or pilot oscillators
utilized in the corresponding. frequency detec-
tion system. Generally the pilot oscillator will
be of the crystal controlled type having a high
inherent stability, but nevertheless the frequency
of the incoming wave may considerably differ
from that to which the receiving channel of the
transceiver is tuned, since although the crystal
‘controlled: pilot oscillators of the transceivers. in
the same communication net operate with pilots
having like nominal frequencies; the. actual fre-
quency emitted: during communication may be
different, due to. abnormal operating conditions
of the units.

Therefore the automatic tuning of the receiver
to the frequency of the incoming signal repre-
sents. a. considerable improvement in. the re-
liahility of -communication, Frequency modu-
lation receivers, including frequency stabilizing
links, have been fully described in: Ziegler appli-
cation, Serial 478,705, filed on -March 10th, 1943,
apd. the block diagram shown: in: Fig. 4 illus-
trates. a FM transceiver comprising a frequency
stabilizing link in accordance with - the: above
patent application.

As can be seen in the drawing of Pig. 4, the
main.part of the FM transceiver is. formed: by
the double conversion superheterodyne frequency
detection. system. €/’ forming together with. reac-
tance tube 20: and. variable frequency: oscillator
19’ a frequency. stabilizing link common to the
receiving and: transmitting channels A’ and: B”’,
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respectively, . Similar to the FM transcefvers
shown in Figs. 1, 2 and 3, receiving channel A"
includes a R. F. amplifier 13 for amplifying the
incoming signal, a low-pass filter 16’ coupled
after frequency detection system C’” and audio-
amplifying and reproducing means 11 and 8
respectively, Transmitting channel B’’ in-
cludes a power amplifier 21, modulation means in
form of microphone 22 connected to the input
of reactance tube 20, and the low-pass-filier-
circuit i6’’ inserted between frequency detection
system. C’’ and said reactance tube 20. Trans-
mitting channel B’ furthermore includes a
crystal controlled oscillator 66 generating an os-
cillation corresponding to the.first heterodyne
oscillation of frequency detection system C’’ and
equal to the mean frequency of the incoming
wave plus the first intermediate frequency.

Frequency detection system C’’ comprises g
signal and a heterodyne input circuit (4 and 14’
respectively, the former being connected to
switeh 26 as already explained in connection with
Figs. 1, 2 and 3, while the latter representing
the second input of the first mixer stage 23’,
is connected to the movable contact member 61
of & single pole double throw switch 68. Fixed
contact 68’ of switch 68, corresponding to re-
ceiving channel A’’ of the FM. transceiver, i
connected to the output of variable frequency
oscillator. 19/, by means of coupling link §8 in-
cluding attenuator means 69’, while fixed con-
tact 68’’, corresponding to transmijtting chan-
nel B’” is coupled to pilot oscillator 66.

During reception, variable frequency oscillator
19’ is operating on a frequency corresponding
to the first heterodyne oscillation of frequency
detection system C’’, but is shifted during trans-

" mission to. a frequency corresponding to the out-
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going wave by means of switch 10 and- condenser
Tt. As already explained hereinabove, double
conversion frequency detection, €’/ is constituted
by first mixer stage 23‘, first: intermediate fre-
quency amplifier 28’, second mixer stage 23’ with
the corresponding second heterodyne. oscillator
24'/, second intermediate amplifier 28'’ and fre-
quency discriminator 29, the output circuit of
which is permanently connected to low-pass filter
circuits 16’ and 16’’.

As can be observed in Pig. 4 illustrating the

. FM' transceiver according to. the present inven-

tion in a position corresponding to.reception, fre-
quency variable oscillator (8’ is utilized: as. the
first heterodyne oscillator in thé frequency de-
tection system C’’ and in view of the fact that
discriminator 29 is designed to provide. a zero
output voltage for a predetermined: frequency,
value of the second intermediate frequency,
variable frequency oscillator 19~ will be con-
trolled by reactance tube 20 due-to the. stabilizing
action of the stabilizing link so as to maintain the
receiving channel A’’ tuned as exactly as. possible
to the mean frequency of the incoming signal
even if the same slightly differs from the nominal
mean frequency of the communication net-
work,

During transmission, the frequency of oscil-
lator 9’ is shifted to: & value corresponding: to
the mean frequency of the communication chan-
nel by means. of switch 10 and: condenser 1.
Simultaneously heterodyne input circuit (4, of
a frequency detection system. C’’ is switched: over
from. coupling link: 69; to. pilot oscillator 66, while
signal input circuit 4 is transferred by means
of switch 26 to coupling link 2T derived from the
output circuit of power amplifier 2/. Hence,
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during transmission a frequency stabilizing link
is established which maintains the mean ‘fre-
quency of variable frequency oscillator 19’ at a
value differing by the first intermediate frequency
from the frequency of pilot oscillator 66, so that
the mean frequency of the outgoing wave.corre-
sponds to the mean frequency -of the commum-
cation channel.

Frequency stabilization is thus utilized during
reception and transmission and the frequency,
modulation transceiver according to Fig. 4 is
automatically maintained within the assigned
communication channel due to the frequency
correcting .action of the stabilizing link.

As indicated by dot-dash line 72, switches (2.
26, 68 and 10 are coupled to a common control
means defining the operating positions of the
transceiver. The same control means also inter-
rupt the plate supply to audio-amplifier {1, R. F.
amplifier 13 and power amplifier 21 during trans-
mission or reception respectively, as indicated
by the dot-dash line 72’.

In the frequency modulation transcelver ac-.
cording to Fig. 4 variable frequency oscillator
{9’ has to be shifted: from the first heterodyne
oscillation to a frequency corresponding to the
mean frequency of .the communication channel
or to a submultiple thereof. Furthermore, due to
the: particular circuit layout. of the frequency
stabilizing link the utilization of a waiting and
squelch sighal in accordance with the teachings
in the application of Marc Ziegler, Serial No.
482,785, filed on April 12, 1943, will require the
use of a separate oscillator.

.We have now found that by a judicious choice

of the first and second heterodyne oscillations
and the operating frequency of the variable
frequency oscillator.19’, a frequency modulation
transceiver including automatic frequency con-
trol during transmission angd reception will be
obtained in which a minimum of switching means
is required to change .the operating conditions
of the unit and in which a waiting and. squelch
signal may be derived without utilizing new cir-
cuit elements,

A frequency modulatlon transcelver based on
the above considerations is schematically illus-
trated in the diagram shown in Fig. 5 in which it
can be observed that heterodyne input circuit 14’

of the frequency detection system. C’’ is perma- ¢

nently connected by means of link 69 to the'out-
put of variable frequency oscillator 19’7, while the
signal input circuit {4 is connected to switch 68,
the fixed contact 68’ of which, corresponding to
the receiving channel of the transceiver, is con-
nected to the output of R. F. amplifier 13, while
the fixed contact 68" thereof corresponding to
the transnuttmg channel, is connected to the out-
put of a pilot oscillator 66’.

The frequency modulatlon detection system c”’
is similar to that shown in Fig. 4, the output of
this frequency discriminator 29 being continuous-
1y coupled through filter circuits {6’ and 16" to
audio amplifying and reproducing means IT and
18 and to reactance tube 20 respectively. .

Variable frequency osclllator 197’ is designed
to operate on a frequency equal to the frequency
of the incoming wave minus the first intermediate
frequency and its output is permanently coupled
to a mixer stage 13 operating as driver and in-
serted between oscillator 19’ and power amph-
fier 21.

By means of coupling link 74 provided with at-
tenuator 74’, part of the first intermediate fre-
quency oscillation is injected into the other input

. frequency oscillator 19"/,
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5
of mixer stage 13, so that the mean frequency of
the oscillation present in the output circuit there-
of corresponds to the mean frequency of the com-
munication net-work. :

During reception the incoming wave is amph-
fied by R. F. amplifier 13 and is applied to signal
input circuit 14 of the first mixer stage 23’ to-
gether with the oscillation generated by variable
. Assuming the nominal -
net-work communication frequency to be 40
me./s., and choosing for the first and second in-
termediate frequency the values of 6.0 and 0.1
me./s. respectively, variable frequency oscillator
19’".is designed to operate on 34 me./s. In View
of the fact that frequency discriminator 29 is de-
signed to provide a zero output voltage when the
second intermediate frequency oscillation corre-
sponds to 100 ke./s., the automatic frequency con-
trol provided by the stabilizing link will control
the frequency of oscillator 19’/ so that the receiv-
ing channel will be automatically tuned to the
mean frequency of the incoming wave. Hence,
durlnv reception variable frequency oscillator #9*
operates as first heterodyne oscillator.in an auto-
matic frequency control system constituted by the
frequency detection.system C’in combmatlon
with reactance tube. 20,

During transm1s51on pilot oscﬂlatm 66' operat-
ing on a frequency correspondmg to the frequency
of the incoming signal, i. e. 40 me./s. is connected
by means of switch 68 to input’ c1rcLut 14 of first
mixer 23 so that, due o the automatic frequency
control prov1ded by the frequency detectlon sys-
tem C’’ in combination with reactance tube. 20,
the. mean frequency of varlable frequency oscil-
lator IQ" is mamtamed on its nominal frequency

‘of 34 me./s. In mixXer stage 13 the 34 mc./s. oscil-

lation generated by Varlable frequency oscﬂla’tor
19’ is mixed with the 6 me. /s oscillation derived
from the first 1ntermed1ate frequency amplifier
28’, so that the mean frequency of the oscillation
generated in the output circuit, of mixer stage 13
corresponds to the mean frequency of the com-
munication channel, i. e. 40 me./s. )

The utilization of mixer stage 13 between varl-
able frequency oscillator 19’ and, power amph-
fier 21 offers a good separatlon between the low
and high power stages of the transmitting channel
and 51m111taneously ensures that the mean fre-
quency of the outgomg wave will correspond to
the frequency of pilot oscﬂlator 66, since the
frequency of the outgoing wave is the sum of the
oscillation generated by variable frequency oscﬂ—
lator 19’7 and the first intermediate frequency’sig-
nal. Furthermore the particular circuit layout
of FM transceiver shown in Fig. 5 renders it pos-
sible to introduce a waiting and squelch signal in
the recéiving channel of the transceiver by deriv-
ing part of the osc111at10n ‘generated by pilot oscil-
lator 66’ and by injecting this oscillation inté the
signal input circuit 14, together with the mcommg
wave.

It should be understood that the recelvmg and
transmitting channels of the FM transcelvers ac-
cording to the present invention, though utilizing
a common frequency detection system or fre-
quency stabilizing link, can be individually de=
gigned to have particular performance charac-
teristics independently from each other. In fact,
the improvements in frequency stabilizing sys-
tems described in the co-pending U. S. patent ap-
plications Serial Nos. 514,710 and 478,705 may be
used with advantage in the FM transceivers ac-
cording to the present invention. Therefore, it
should be understood that our invention is by no
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means limited to the particular organizations
shown and described but that many modifications
may be made without departing from the scope
of our invention, as set forth in the appended
claims.

We claim:

2,870,395

. tiom, a first and second intermediate frequency

1. In an electrical apparatus for alternatively

receiving and transmitting frequency modulated
waves of substantially the same mean frequency,
comprising a receiving channel constituted by a
frequency detection system including at least one
heterodyne oscillator and intelligence reproduc-
ing means, a transmitting channel formed of an
adjustable frequency oscillator provided with fre-
quency-controlling. means coupled to modulation
mesans, and a commutable antenna common to
said receiving and said transmitting channels:
means to transfer said detection system from
said receiving to said transmitting channel to
complete a stabilizing link during transmission
for maintaining the mean frequency of the out-
going wave at a value differing by a predeter-
mined amount from the frequency of said hetero-
dyne oscillator and substantially corresponding to
the mean frequency of the incoming wave.

2. In an electrical apparatus for alternatively
receiving and transmitting frequency modulated
waves of substantially the same mean frequency,
comprising a receiving channel constituted by
means for amplifying the incoming wave, a fre-
quency detection system having input and output
circuits and including frequency changer means,
a heterodyne oscillator continuously coupled to
said frequency changer means, intermediate fre-
quency amplifier means connected after said fre-

quency changer means and coupled to frequency .

responsive means including said output circuit
and generating a voltage varying in amplitude
and sign in accordance with the frequency vari-
ations of said incoming wave, and audio amplify-
ing means having a low-pass filter input cireuit
and coupled to audio reproducing means; a trans-
mitting channel constituted by a wvariable fre-
quency oscillator provided with frequency con-
trolling means having a low-pass fllter input cir-
cuit and coupled to modulation means and out-
going wave amplifying means connected after
said variable frequency oscillator: means to
switch over an antenna during transmission from
said incoming wave amplifying means to said out-
going wave amplifying means, means to simul-
taneously switch over said frequency detection
system input circuit from said incoming wave
amplifying means to a coupling link derived from
the output circuit of said eutgoing wave amplify-
ing means, and means to simultaneously switch
over said frequency detection system eutput cir-
cuit from said audio amplifying and reproducing
meens to said frequency controlling means to
complete a frequency stabilizing link for main-
taining the mean frequency of the outgoing wave
at a value differing by a predetermined amount
from the frequency of said heterodyne oscillator
and substantially corresponding to the mean fre-
quency of the -said incoming wave. )

3. In an electrical apparatus for alternatively
receiving and transmitting frequency modulated
waves of substantially the same mean frequency,
comprising a Teceiving .channel constituted by
means for amplifying the incoming wave, :a. dou-
‘ble conversion frequency detection system hav-
ing input and output circuits and including a first
and second frequency changer means, means for
-generating a first and second heterodyne oscilla,-
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amplifying means and frequency responsive
means including said output circuit and develop-
ing a voltage proportionsal in amplitude and sign
to the frequency deviations of said incoming wave
from said mean frequency and audio-amplifying
means having a low-pass filter input circuit and
coupled to audio reproducing means; a fransmit-
ting channel constituted by a variable frequency
oscillator provided with frequency -controlling
means having a low-pass filter input circuit and
coupled to modulation means, and means for am-
plifying the outgoing wave; means to switch over
an antenna during transmission from said incom-
ing wave amplifying means to said outgoing wave
amplifying means, means to simultaneously
switch over said frequency detection input cir-
cuit from said incoming wave amplifying means
to a coupling link derived from the output circuit
of said outgoing wave amplifying means, and
means to simultaneously switch over said fre-
quency detection system output circuit from said
audio amplifying and reproducing means to said
frequency controlling means to complete a fre-
quency stabilizing link for maintaining the main
frequency of the outgoing wave at a value differ-
ing by a predetermined amount from the fre-
quency of said first heterodyne oscillator and
substantially corresponding to the mean fre-
quency of said incoming wave. . ,

4. In an electrical apparatus for alternatively
receiving and transmitting frequency modulated
waves of substantially the same mean frequency,
comprising a receiving channel, constituted by
means for amplifying the incoming wave, a dou-
ble conversion frequency detection system having
input and output circuits and including a first
and second frequency changer means, a second
heterodyne oscillator and frequency multiplying
means to derive from said second heterodyne os-
cillator a harmonic first heterodyne oscillation, a
first and second intermediate frequency amplify-
ing means and a frequency. responsive means in-
cluding said output circuit and developing a volt-
age proportional in amplitude and sign to the fre-
quency deviations of said .incoming wave from
said mean frequency, a first low-pass filter con-
nectable after said frequency responsive means
and audio reproducing means; a transmitting
channel consfituted by a variable frequency os-
cillator generating an oscillation the mean fre-
quency of which corresponds to said mean fre-
quency, said oscillation being provided with fre-
quency controlling means having a low-pass fll-
ter input circuit and coupled to modulation means
and means for amplifying the outgoing wave:
thermionic amplifying means having separate
radio-frequency multiplying and audio frequency
amplifying input and output circuits, the said ra-
dio frequency circuits being permanently inserted
in said transmitting channel between said vari-
able frequency oscillator and said outgoing wave
amplifying means to conveniently multiply the
oscillation generated by said variable frequency
oscillator, while the said audio-frequency ampli-
fying output circuit is permanently connected to
said audio-reproducing means, means to switch
over an antenna during transmission from the
input of said incoming wave amplifying means
to the output of said outgoing wave amplifying
means, means to simultaneously switch over said
frequency detection input circuit from the out-
put of said incoming wave amplifying means to
2 coupling link derived from the output of said
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outgoing wave amplifying means, means to. si-
multaneously disconnect the audio frequency in-
put circuit of said thermionic means from the
output of said first low-pass filter circuit and to
connect the same to ground potential, and means
to simultaneously switch over said frequency de-
tection system output circuit from the input of
said first low-pass filter circuit to said frequency
controlling means to complete a frequency sta-
bilizing link for maintaining the main frequency
of the outgoing wave at a value differing by 2

predetermined amount from the frequency of said .

first heterodyne oscillator and substantially. cor-
responding to the mean frequency of said incom-
ing wave.

(41
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5. In an electrical apparatus for alternatively

receiving and transmitting frequency modulated
waves of substantially the same mean frequency,
comprising a receiving channel, constituted by
means for amplifying the .incoming wave, a
double conversion frequency detection system
having input and output circuits and including a
first and second frequency changer means, a sec-
ond heterodyne oscillator and frequency multi-
plying means to derive from said second hetero-
dyne oscillator a harmonic first heterodyne oscil-
lation, means for amplifying a first and a second
intermediate frequency oscillation and a fre-
quency responsive means comprising a source of

direct current, a current limiting resistance and :

an inductance connected in series circuit ar-
rangement, means to interrupt the current in said
circuit responsive to the half periods of like sign
of the second intermediate frequency oscillation
to produce voltage impulses of substantially con-
stant area and alternate signs across said induct-~
ance in synchronism with the half-periods of
said second intermediate frequency oscillation,
and means to integrate the said impulses of like
sign to produce a direct voltage having an ampli-
tude substantially proportional to the frequency
of said impulses and independent of the ampli-
tude of the incoming wave, the output circuit of
said frequency responsive means constituting the
output circuit of the frequency detection system.
said receiving channel further comprising a low~
pass filter connectable after said frequency re-
sponsive means and audio reproducing means; a
transmitting channel constituted by a variable
frequency oscillator generating an oscillation the
mean frequency of which corresponds tc said
mean frequency, said oscillator being provided
with frequency controlling means having a low-
pass filter input circuit and coupled to modula-

tion means, and means for amplifying the outgo- *

ing wave, thermionic amplifying means having
separate radio-frequency-multiplying and audio
frequency amplifying input and output circuits,
said radio frequency circuits being permanently
inserted in said transmitting channel between
said variable frequency oscillator and said out-
going wave amplifying means to conveniently
multiply the oscillation generated by said vari-
able frequency oscillator to g value correspond-
ing to the frequency of said outgoing wave, while
the said audio frequency amplifying output cir-
cuit of said thermionic amplifying means is per-
manently connected to said audio-reproducing
means: means to switch over an antenna during
transmission from the input of said incoming
wave amplifying means to the output of said out-
going wave amplifying means, means to simul-
taneously switch over said frequency detection
input circuit from the output of said incoming
wave amplifying means to a coupling link derived
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from the output of said outgoing wave amplify-
ing means, means to simultaneously disconnect
the audio frequency input circuit of said thermi-
onic amplifying means from the outpub of said
first low-pass filter circuit and to connect the
same to ground potential, and means to simul-- -
taneously switch over said frequency defection
system output circuit from the input of said first
low-pass filter circuit to said frequency control-
ling means to maintain the mean frequency of
the outgoing wave at g value differing by a pre-
determined amount from the frequency of said
first heterodyne oscillator and substantially cor-
responding to the mean frequency of said incom-
ing wave. i

6. In an electrical apparatus for alternatively
receiving and transmitting frequency modulated
waves of substantially the same mean frequency,
comprising a receiving channel including audio
amplifying and reproducing means connected
after a superheterodyne frequency detection sys-
tem having commutable signal and heterodyne
input circuits and including variable frequency
heterodyne oscillator provided with frequency
controlling means connectable after frequency
responsive means in a frequency stabilizing ar-
rangement to control during reception the fre-
quency of said heterodyne oscillator in accord-
ance with the deviations of the incoming wave

from said mean frequency; a transmitting chan-

nel including modulating means connected to
said frequency controlling means and means for
amplifying the outgoing wave connected after said
heterodyne oscillator; a commutable antenna
common. to said receiving and said transmitting
channels: means for generating a pilot oscilla-
tion having a frequency corresponding to said
heterodyne oscillation, means to.switch over dur-

ing transmission said signal input circuit to a
coupling link derived from said outgoing wave
amplifying means to simultaneously switch over
said heterodyne input circuit from said hetero-
dyne oscillator to said pilot oscillation generat-
ing means, and means to simultaneously shift the
frequency of said heterodyne oscillator to a value
corresponding to the outgoing wave to maintain
during transmission the mean frequency of the
outgoing wave at, a value differing by a predeter-
mined amount from the frequency of said pilot
oscillation.

7. In an electrical apparatus for alternatively
receiving and transmitting frequency modulated
waves of substantially the same mean frequency
comprising a receiving channel including means
for amplifying the incoming wave and  audio
amplifying and reproducing means connected
after a superheterodyne double conversion fre-
quency detection system having commutable
sighal and heterodyne input circuits and con-
stituted of a first and second frequency changer
means, a first  variable frequency heterodyne
oscillator provided with frequency controlling
means, connectable during reception to said
heterodyne input circuit, a second heterodyne
oscillator generating an oscillation of predeter-
mined frequency, a first and second intermediate
oscillation amplifying means, and a frequency
responsive rmeans connected to said frequency
controlling means in a frequency stabilizing ar-
rangement to control during reception the fre-
quency of said heterodyne oscillator in accord-
ance with the deviations of the incoming wave
from said mean frequency; a transmitting chan-
nel including modulation means connected to
said frequency controlling means, and means for
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amplifying the outgoing wave connected: after
said first heterodyne ostillator; -a commutable
antenna common to said receiving and said
transmitting channels: means for generating a
pilot oscillation having a frequency correspond-
ing to said first heterodyne oscillation, means to
switch . over during transmission said signal
input circuit from said incoming wave amplify-
ing means to a coupling link derived from said
outgoing wave amplifying means, means to
simultaneously switch over said heterodyne input
circuit from said first heterodyne oscillator to
said pilot oscillator, and means to:simultane-
ously shift the frequency of said first heterodyne
oscillator to a value corresponding to said mean
frequency to maintain during transmission the
mean frequency of the outgoing wave at a value
differing by a predetermined amount from the
frequency of said pilot oscillation.

8. An electrical apparatus for alternatively re-
ceiving and transmitting frequency modulated
waves of substantially the same mean frequency,
comprising a receiving channel including audio
amplifying and reproducing means connected
after a superheterodyne frequency detection sys-
tem having a commutable signal input circuit
and including a variable frequency heterodyne
oscillator provided with frequency controlling
means, frequency changer means for mixing said
heterodyne oscillation with the incoming wave
to obtain a difference oscillation, and frequency
responsive means connected after said frequency
changer means and coupled to said frequency
controlling means in a frequency stabilizing ar-
rangement to control during reception the mean
frequency of said heterodyne oscillation in ac-
cordance with the deviations of the incoming
wave from said mean frequency, a transmitting
channel including modulating means connected
to said frequency controlling means and means
for amplifying the outgoing wave; a commutable
antenna common to said receiving and said
transmitting -channels; frequency changer
means inserted in said trahsmitting channel be-
tween said heterodyne oscillator and said out-
going wave amplifying means, means to inject
said intermediate frequency oscillation into said
frequency changer means to obtain an oscilla-
tion having a mean frequency corresponding to
the frequency of said incoming wave, means for
generating a pilot oscillation having a frequency
corresponding. substantially to said mean fre-
quency and means to switch over during trans-
mission said signal input circuit from said in-
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coming wave amplifying means to said pilot
oscillation generating means to maintain dur-
ing transmission the mean frequency of the said

_ outgoing wave at a value substantially corre-
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9. An electrical apparatus for alternatively re-
ceiving and transmitting frequency modulated
waves of substantially the same mean frequency,
comprising a receiving channel including means
for amplifying the incoming wave and audio
amplifying and reproducing means connected

. after a superheterodyne double conversion fre-

quency detection system having a commutable
signal input circuit and constituted of a first
and second frequency changer means, a first
variable heterodyne -oscillator generating an
oscillation differing by a predetermined amount
from the said mean frequency and provided with
frequency controlling means, a second heter-
odyne oscillator, means for amplifying the first
and second intermediate frequency oscillations,
and a frequency responsive means connected
after said second intermediate frequency oscilla-
tion amplifying means and coupled to said fre-
quency controlling means in. a frequency stabi-
lizing arrangement to control, during reception,
the mean ifrequency of said heterodyne oscillator
in accordance with the deviations of the incom-
ing wave from said mean frequency; a trans-
mitting channel including modulation means
connected to said freguency controlling means
and means for amplifying the outgoing wave; a
commutable antenna common to said receiving
and said transmitting channels: a third fre-
quency changer means inserted in said trans-
mitting channel hetween said first heterodyne
oscillator and said outgoing wave amplifying
means, means to inject said first intermediate
frequency oscillation into said third frequency
changer means to obtain an oscillation having
a frequency corresponding to the incoming wave,
means for generating a pilot oscillation having a
frequency corresponding substantially to said
mean frequency, and means to switch over dur-
ing transmission said signal input circuit from
said incoming wave amplifying means to said
pilot oscillation generating means to maintain
during transmission the mean frequency of the
said outgoing wave at a value substantially cor-
responding to said pilot oscillation.
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