2,230,212

6 Sheets—Sheetl 1

M. G. CROSBY
SIGNAL RECEIVER
Original Filed June 20, 1932

Jan. 28, 1941.

INVENTOR.

MWN\
ERRRE

~
.
0
\E\
RAY, G. CROSBY
B e
ATTORNEY.

SIAM
7 | @adyinaon
ISV Hdf

\ \%\ £ \ Al.F
_ - d31H11dNY

21109219 Ue Cor

NOILIFZH09 v L€ SE S ¢

MUR

SNivHvddy
_ DNINAQOXTLIH
@H ANV ONIAL1TdINY
LI71219 JFENL 1 —2 — SIAUM
NOILIFHH0I ONIAAILOFY —  IFIHITdVNY 2 z ag.lyinaonw
m Aoy
-
. Nm Am. m
F NNTINY INIA A
4 ININIFIZY \/4. ;




2,230,212

6 Sheets—Sheet 2

‘M. G. CROSBY
SIGNAL RECEIVER
Original Filed June 20, 1932

Jan. 28, 1941.

4 5
Y1411y S
&S S
23 3 &
: ~NGg <
A T3
SIAM* &
! 7 | eatiyiaon $
__ﬂLl R E! ISUHd S n
= | 0000k 0 o g.mm&uf%
) 'o% £
\ ‘ - YNNZLNY Aﬁ (=~
L/N2819 b }
NOLLIFHI09 x
Q.m.v.
I
9 AIFIHITINY
o O~ = \or P

= |

! )
L -
ARPARPNEENEN R W a3iM00W

\ 4 FSYHd
2100519 000000000000000000000 v T L Y007
NOILIZH 02 7 A /

UNNIUNY — =

/N




Jan. 28, 1941. M. G. CROSBY 2,230,212
SIGNAL RECEIVER
Original Filed June 20, 1932 6 Sheets—Sheet 3

S CORRECTION FOR Y
SN .
N 7. N oUTPUT OF FIM
P PM WAVES S RECEIVER
RECEIVING
: , ; PM WAVES
—> AUDIO FREQUENCY ——> AUDIO FREQUENCY

N Vig. 6 |
i) FMR __________________________ )
I T30 5 57 60 g5 65
| %€ / “ bl Wi
PHASE |FREQ. | | s _J_ | /
MODULATED | MOD. , 52 3 ==-Cf | =2
WAVES REC. ! ‘ 543 Y55 67 61 I
' J Iy—l V. A
| 557 = ‘52 66° = 64 |
SIGNAL “— e ]
ouTPUT 1“.
o . . Fig. 6
) 51 ) 62
IR
INpUT d ouTPUT
- Y 3
IIIIIJJ (Lii
- 57 67 64

INVENTOR.
MURRAY G. CROSBY

LV

ATTORNEY.



Jan. 28, 1941. M. G. CROSBY 2,230,212
SIGNAL RECEIVER :
Original Filed June 20, 1932 6 Sheets-Sheet 4

AUDIO
INPUT

T

TRANSMITTER

ey T T T T T T T T T T T T ) -
Aua/o) ' ) I e g * ' f
INPUT, | 3 = : | =20
\ | 270 R53 54 | .
M ] l ”
= N -4
Lec

INVENTOR.
MURRAY G. CROSBY

L MR L rver

ATTORNEY.




Jan. 28, 1941.

Original Filed June 20, 1932

1

M. G. CROSBY
SIGNAL RECEIVER

2,230,212

6 Sheets—Sheet 5

FMR 2
PHASE FREQ. FREQUENCY PHASE E
MODULATED | MOD.| MODULATION MODULATION
WASVE; REC. y |rrRansmirTER RECEIVER v
— CORRECTED AUDIO FREQUENCY
Vig.9a
PHASE " PHASE MODULATION
MOD, WAVES RECEIVER
/50 91 110
92 .
FREQ. 1 s
MOD., Jiva 44 S
REC. 3
[4 ' L
FMR ml ‘5
FREQUENCY 93
MODULATED :
DYNATRON
OSCILLATOR
! 108 112
105 13 ‘__agfi‘g
—_— 1
" LOCAL I 7
RECEIVER -
OSCILLATOR 6.42/ ,
‘ Rs /,6;5 —R6 "
e
| =
Yog
INVENTOR.

MUR/?/ G.CROSBY
ATTORNEY.



Jan. 28, 1941. M. G. CROSBY 2,230,212
' SIGNAL RECEIVER
Original Filed June 20, 1932 6 Sheets-Sheet 6

1 Fig. 40 a
2 3 80 50 ) 64
AMPL. | \ReceivER OF %’% FIGS.6 zg'a, mg@ﬂ'
7 FI6.123 0R 3 8,9 AND 9a
s :
Yoo,
X/ _I@_ﬂ
o FREQ.OR PHASE1T° °J
) MPL,
a | [ 1 L
NT /,o iy RECEIVER |—o o
\t = s
21 - )
T ,

Y
» Wigy. Hhew
\li T | 2 80, 8
Y l ) FI?EUI)ENCY ___,;—)1
1 ]
’ HA OR
= e | |G | L
\K == C 1 B
V4
2 AVC
- —;_ -

‘ INVENTOR.
MURRAY G. CROSBY

o WS S eeven

ATTORNEY.




" Patented Jan. 28, 1941

8

14

390

©3
[&]

40

UNITED STATES

2,230,212

PATENT OFFICE

2,230,212
SIGNAL RECEIVER

Muwrray G. Crosby, Riverhead, N. ¥., assignor to
Radio Corporation of Amerﬁca, 8 corporation

of Delaware

Original applica,tidn Jumne 20, 1932, Serial Ne.

618,154,

Divided and this application March

3, 1940, Serlal No. 323,077

22 Claims.

This is g division of my copending appllca,tion
Serial No. 618,154, filed June 20, 1932.

My present invention relates to frequency and
phase modulation systems and apparatus. QOb-
Jjects of my invention are broadly to provide im-
proved arrangements for receiving phase and
frequency modulsted waves; fo provide systems
for adapting frequency modulation apparatus to
the reception of phase modulated waves or ampli-
tude modulated waves, and to ‘provide circuits
generglly useful for phase and frequency modu-
lated waves. Other objects as well as advan-
tages flowing from my invention will appear as
the more detalled description fthereof proceeds.

in the drawings, Fig. 1 shows diagrammati=-
cally a receiver by means of which frequency
and phase modulated signals may be demodu-
lated;

Figs. 2, 3 and 3g show modifications of th°
arrengement of Fig. 1;

Figs. 4 and 5 are curves explanatory of the
operation of Figs. 1, 2 and 3 when recelving phase
moditlated waves.

Bigs. 8, 8a, 7, 7z and 8 illustrate fllter elrcuits
which may be included in the frequency mmodu-
lated signa] receivers of the prior figures to adapt
them to efilcient reception of phase modulaied
signals; ]

Figs. 9 and 8¢ are conversion systems utilizing
both frequency and phase modulation appa-
ratus;

Fig. 10 shows diagrammatically how the cor-
rection circuits of Figs. 6, 7, 7e, 8, 9 and %¢ may
be incorporated with the freguency modulation
recetvers of Figs. 1, 2, 3 and 3a; ‘

Figs. 11 and 1lig show diagrammstically other
applications of the presen{ invention.

The operation of all of the vecelvers disclosed
in PFigs. 1, 2, 3 and 3a to receive frequency modu-
lated signals depends upon the fact thai the
electrical length of a filter or a transmission line,

. which consists of a series of sections composed

45

50

-1

of inductive, capacitive and resistive elements in
a series and/or parallel arrangement or any one
or a combination of said elements In said ar-
rangement, varies with the Inpressed frequency.

In the following explanation, a transmission
liné will be referred to although it will be under-
stood that a fliter, such as & high pass, low pass,
band pass, band eliminsation, etc., may be used.
I the line is a given - number of wave lengths

long for & certain predetermined frequency, at.

a higher frequency the electrical length will be
greater and at a lower frequency the electrical
length of the line will be less. The fact that

(Ci. 250-—20)

‘this elecitrical lemgth dees change with fre-
quency msakes the phase at the output of the
line change with respect to that of the input
of the line if the frequency of the signal trans-
mitted by the line is veried. Consequently, if
the signal impressed on the Input of the line is
combined with the signal at the oufput of the
line, an adjustmeni of the line may be made
s0 that the phase difference between the voltage
“of the signal impressed on the input of the line
and the voliage of the signal appearing on the
output ¢f the line Increases as the degree of
frequency modulation is incressed. This phase
difference will cause & varistion in the smplitude
of the resultani of the combined voltages so
that an amplitude modulsiion resultant is
formed, which smplituds modulation s iy
characteristic of the fregusncy modulation of the
orlginal slgnal. In accordance with this inven-
tion, this amplitude modulation component s
then detzcted or rectified.

In particuler, in the recelver of Fig. 1, the fre-
quency modulated energy appsaring in llunes 8
and 5 In the output ¢f the hetercdyaing and
smplifying ualt 2 is fed dirvectly through cou-

pling tubs & o the combining irensformer T.

Slmultaneously energy from 2 appearing in Hnes
3 and 8§ is fed by way of lines 16 to irsnsformer
{8 and fo the transmission line 1. A lead 26,
connected io & movable voint P on the line L,

i0

18

20

25

ae

iransfers energy inm the propsr phase to the -

potentiometer Pz, from whence the energy is sup-
plied to the coupling tube B. The output energy
Irom the ling L, adjusted to the proper phase by
means of the sliding tap 28, B, or similar meaxus,
is fed through the coupling tube B to the com-~
bining transformer T. The above transformer T,
therefore, is energized by energy {rom A and
from B.

In operation, as the modulating signal changes
the frequency of the carrier, the energy appear-
ing in tube B and in particular in the output cir-
cult -thereof, changes more rapidly in phase or
in frequency than that from tube A. These rel-
ative changes in phase of the energies from the
two coupling tubes results in a change in ampli-
tude of the combined energy in the primary
winding 14 of transformer T. This amplitude
change or modulation is impressed on the input
circuit of -detector tube C and the demodulated
signal appears in the output circuit thereof, from
whence it may be utilized. When used for re-

_ceiving phase modulated waves, a correcting cir-
cuit CC is added. This correcting circuit has the
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2
characteristic shown in Fig. 4, as will be ex-
plained more fully later.

While this receiver of Fig. 1 has been illus-
trated as having a damped transmission line, it
will be understood that in this receiver the trans-
mission line L may be undamped, or open cir-
cuited at the end. In this case, the tap 20, P
is moved to a point on the line where the re-
flected wave cancels the incident wave. The
operation of this modified receiver will be ap-
parent from the description of the receiver of
Fig. 3 which will be given later. -

In the receiver of Fig. 2, use is made of the
fact that when the line L, made up of series in-
ductance and shunt capacity C, is open or short-
circuited at the far end, a reflection of signal
energy transmitted by the line L: occurs along
the line. The combiration of this reflected en-
ergy with the incident energy results in com-
bined energy, the amplitude of which varies.
That is, when the signal frenquency is changed

with signal modulation s phase difference be-'

tween the incident and refiected waves of line
L is caused such that their resultant amplitude
changes. Consequently, amplitude modulation
of the energy in the line at different points there-
along is effected by permitting far end reflec-
tions. By obtaining the output from the line L
at two different points P2, Ps+ by way of leads 35,
317, connected at points such that at one point
the incident and reflected waves combine to in-
crease the resultant, while at the other point the
two waves combine to decrease the resultant, two
separate waves with modulation envelopes 180°
out of phase may be obtained. These two waves
may be, and are, applied as shown to the differ-
ential detecfors A and B by way of leads 35 and
31, respectively.

The detected output appearing on the anode

42 of detector.A is 180° out of phase with respect
to the detected outpuf appearing on the anode
43 of detector tube B. This necessitates the use
of a push-pull transformer T connected to the
outputs of tubes A and B. The democdulated
signal may be utilized in circuit 4%7. Where this
receiver is used to receive amplitude modulated
signals the output electrodes 42 and 43 of de-
modulaters A and B, respectively, must be con-
nected in parallel relation so that the amplitude
changes add rather than oppose each other.

The receiver of Fig. 2 has an important ad-
vantage which is that the differential detectors
employéd in the output produce a cancellation of
distortion resulting from. square law detection
and consequently a reduction of noise appearing
with the signal in the output circuit.

The transmission line L of the receiver of

Fig. 2 may be undamped or open-ended, or short-

circuited at its far end, or end away from its input
terminals.

‘When the receivers of Figs. 2, 3 and 3a are used
to receive phase modulated waves, switch 46 is

thrown to its frequency modulation position, i. e.

so that the detector outputs are combined in
phase opposition. Also, a correcting circuit CC,

which will be described in detail more fully .

hereinafter, is added. Briefly, the correcting cir-
cuit has o characteristic of output of frequency
as shown in Fig. 4. Incidentally, for a more de-
tailed description of the receivers shown in Figs.
1, 2, 3 and 3a, reference is made to my parent
application Serial No. 618,154, filed June 20, 1932.

In Fig. 3a, the grids 24, 36 of differential de-
tectors C and D are fed, by means of a trans-
former T2, cophasally with signal energy from

8,280,213

the output of the unit 2. ‘
detectors C and D in phase opposition with fre-
quency or phase modulated energy by way .of
transformer T, the input of which is connected

with the output of the coupling tube A. Tube A .

in turn has its input circuit connected to a point
{0 on transmission -line L. The resultant am-
plitude modulation components fed to the de-

tectors C and D are effectively 180° out of phase. -

By means of the push-pull output transformer
T4, connected with the anode circuits of C and D
respectively, the rectified energies appearing in
the output circuits of C and D are combined in

. proper phase when frequency modulatlon is re-

ceived.

The receiver illustrated in Fig. 3a may be
readily altered to receive either frequency modu-
lated or amplitude modulated signals by merely
connecting the outputs of tubes C and D in push-
pull relation for frequency modulated waves, or
in parallel relation for amplitude modulated
waves. This is accomplished by switch 46.

While. the receiver of Fig. 3a has been illus-
trated as utilizing a damped transmission line,
it will be understood that in this receiver the

transmission line L may be undamped, that is,
open-circuited or short-circuited. In this un--

damped case the tap i0 is adjusted to a point on
the line where the reflected wave cancels the in-
cident wave at the carrier frequency. :

-Volume controls, coupling tubes, and addi-
tional amplifiers may be added to the receivers
in appropriate places. Since the use of such ele-
ments will be obvious to those skilled in the art,
and for the sake of simplicity, such elements have
been omitted from the present disclosure.

The receivers of Figs. 2, 3 and 3a may, of
course, be operated with one detector tube
switched off.

The receivers described above may, in accord-
ance with the present invention, be used for the
reception of phase modulation waves. As already
explained to some extent, this is accomplished by
adjusting the circuits for frequency modulation
as described above and using a correcting filter
or circuit at the receiver which has its output
voltages inversely proportional to its input fre-
quency so that its characteristic is as shown in

. Fig. 4, wherein audio frequency impressed on the

input terminals of the correction circuit is plotted
against voltage output.

When phase modulated sxgnals are received on
a frequency modulation receiver, the signal out-

Lines 8 and § also feed

10 -
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put of the frequency modulated receiver varies

in amplitude directly with the frequency of the
signal at the input of the frequency modulated
signal receiver. Consequently, the audio fre-
quency output of this receiver would be distorted

and would be lacking in low frequencies. The .

output of the receiver instead of being the same
for all audio frequencies, as shown by the dotted
line of Fig. 5, would be directly proportional

60

to the frequency of the signals impressed.on the -

input lof the receiver, as shown by the full line
of Fig. 5. In order to compensate for this dis-
tortion of the signal frequency when phase modu-
lated signals are received on a frequency modu-

lated signal receiver, a filter circuit or correction.

circuit, the amplitude of the signal frequency in
the output of which is inversely proportional to
the frequency of the signals impressed on the
input of the circuit, as indicated in Fig. 4 of the
drawings, is utilized in accordance. with the
present invention to adapt a frequency modulated
receiver for reception of phase modulated sig-

65
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nals. ‘The combination of the effect of a filter
‘circuit or correction circuit having characteris-
tics as illustrated by Fig. 4 with the effect of the
inherent characteristics of a frequency modu-

5  lated receiver on phase modulated signals gives

" an over-all characteristic such as the dotted line

of Fig. 5, which is a true reproduction of the sig-

. nal wave applied as phase modulation to the car-
rier at the transmitter.

10 'This correction filter or clrcult CC is used with
the receiver and is connected at a point follow-
ing the detector, as shown in Figs. 1, 2, 3 and 3a.

: Various forms of filter or correction circuits,
which will affect the signal frequencies passed

15 therethrough in such a manner as to make the
amplitude of the signals at the output thereof in-
versely proportional to the frequency of the sig-
nals applied to the input, may be used. Several
preferred forms of correction circuits, will now

20 be described.

In Pig. 6, phase modulated waves picked up on
the antenna are translated into signal waves by
the frequency modulation receiver FMR such as
described in Figs. 1, 2, 3, or 3a. The correcting

o5 circuit CC is added to reproduce an undistorted
signal In jack J. That is, In Fig. 6 the signal
frequencies to be corrected are applied to the
primary winding of a transformer §0 and are
impressed from the secondary winding of said

30 iransformer to the input electrodes 62, 84 of a
thermionic tube B! to energize the same. The
control electrode 82 of tube 51 is meaintained ai
the desired operating potential by means of &
biasing source §5. The anode electrode 5% of

35 tube B1 is connected through a parallel circuit
comprising a reststance 87 and capacity 68 to the
cathode 54 by way of a high potential charging
source §9. The low frequencies of the signal
potentials are emphasized by means of the ca-

40 paclty 58 connected across the resistor 57. The
impedance of this resistance 57 and capacity 58
in parallel is high at the lower signal frequencies
and low at the higher signal frequencies. The

amplification factor of the tube 61, which de-

45 pends upon the external impedance of its anode
cathode circuit, will be high at the lower signal
frequencies and low at the higher signal fre-
quencies. The signal frequency oscillations ap-
pearing on the anode of tube 61 are impressed

50 therefrom by way of & coupling condenser 60
to the control grid 61 of a thermionic amplifier
62. These distorted or corrected signal frequency
potentials are amplified in 62 and appear in the

primary winding 63 of the transformer winding

55 64. The corrected signal frequencies may be
utilized from the secondary winding 65 of the
transformer 63. In order to operate 62 at the
desired point on its characteristic curve, biasing
potential is supplied from the source 66 by way

60 of resistance 671 to the control electrode 6f of

© tube 82,

If the single distortion or correction tube &1
does not effect sufficient distortion or correction
of the signal frequencies passed therethrough,

65 a second tube, connected in circuit and operated
similar to tube 51, may be connected in cascade
with 5I to apply more distortion or corrective
effect to the signal. This arrangement is shown
in Fig. 6a.

70 In Fig. 7, the signals to he corrected are im-

"~ pressed on the input winding of a transformer
560 and utilized from the sécondary winding €5
of transformer 64 in the same manner as in the
arrangement of Fig. 6. In Fig. 7, however, no

75 amplifier is shown connected with the correction

tube 51, although it is understood that the cor-
rected signals can be further amplified, if neces-
sary, by connecting the output of tube 51 with
the input of a thermionic amplifier. The sec-
ondary winding of the transformer 80 is con- 5
nected in parallel with the potentiometer resist-
ance 10 in order that the desired signal amplitude
may be impressed on the input electrode 52 by
way of the tap 74. In this arrangement the
resistance Ra is of such a high impedance to the 10
signal current as compared to the impedance of
the capacity Cz to the signal current that the
current passed through the -circuits Ra, C: is
governed mainly by the resistance of Ra. This
makes the current through the circuit elements 15
Cs, R3 constant with frequency so that the voli-
age across Cz will be inversely proportional to
the frequency of the applied signal due to the
fact that the impedance of the condenser Ca
varies inversely as the frequency of the signals 206
applied across the terminals thereof vary. ‘The
potentials appearing at the terminals of Cs are
impressed on the input electrodes 52, 58 of cor-
rection tube 54, ’

In the arrangement shqwn in Fig. 7 correction 28
is applied to the signal in the same menner in
which correction is applied thereto by the ar-
rapngement shown in Fig. 7. However, in Fig. 7e,

e second tube 5’ is added for the purpose of
varying the amount of distortion or corrective 80
effect applied to the signal waves relayed there-
through. When .tube 81’ is switched off full
correction will be obtained by means of the tube

§i in the samie manner in whick correction is
obtained in the arrangement of Fig. 7. With the &8
tube 5§’ turned on signal potentials, the ampli-
tude of which may be determined by the tap 71,
will be applied from the parallel resistance 76’ to
the terminals of the resistance R« by way of
resistance Ra. The resistances Rs, R: will affect 4o
all of the frequencies ef the signal impressed
thereon in like manmner sc that no corrective
effect will be applied to the signal appearing on
the input electrodes 52’ of the tube 5t’. Conse-
quently, the oscillations at signal frequency, ap- 45
pearing on the anode 56’ of tube 51’ and applied
therefrom to the transformer 84, will be the same
for all frequencies and will represent in a normal
manner the signal potentials applied at the in-
put of the correction circuit. By moving the 50
taps Tf and 71 along the resistances 7@ and 10°,
the amount of corrected signal and uncorrected
signal reaching the output circuit 63 can be ad-
justed to give the desired characteristic to the
signal frequency in the output circuit, which 55
characteristic may be somewhere between full
correction of the signal and no correction.

This type. of correction circuit is useful where
it is desired that the transmitter radiate a com-
bined frequency and phase modulated.signal or 60
a cross between frequency and phase modulated
signal. Furthermore, such an arrangement is
especially desirable where a correction circuit of
this type is used in the signal amplifier circuits 85
of the transmitter and a second correction cir-
cuit of this type is used subsequent to the detector
in the receiver receiving signals from said trans-
mitter. .

In the correcting circuit shown in Fig. 8, as in %0
the prior arrangements, the signals to be cor-
rected are impressed on the transformer 50 and
the corrected signals are utilized from the trans-
former 64. In this arrangement, however, a
different means is provided for emphasizing ‘the 75
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lower frequencies of the signal. The value of the
inductance XL in series with the control electrode
is so chosen that its impedance to the signal
frequency is high as compared to the impedance
of the resistance Rs to the signal frequencies.
The inductance XL then is the governing factor
of the circuit and determiiies the intensity of the
current passed through the circuits XL, Rs.
Since the inductance XU offers a higher imped-
ace to the higher frequencies than to the lower
frequencies, the current passing through the in-
ductance XL will be inversely proportional to
the frequency of the impressed signals. Conse-
quently, the voltages at signal frequency, ap-
pearing across the resistance Rs, which are fed
to the control electrode 52 of tube 51, will be
inversely proportional to the frequency of the
impressed signals.

In Figs. 9 and 9a has been shown an arrange-
ment in which, by means of a novel circuit, a
corrective effect, which is the converse of the
manner in which phase modulated signals are
distorted in a frequency modulation receiver, is
applied to the signals. The distortion of the
signal wave discussed hereinbefore is created by
virtue of the fact that that phasemodulated waves
are being received on a frequency modulated
signal receiver. On the other hand, if a circuit
is set up which receives frequency modulation
on a phase modulation receiver, -a distortion is
created which is the inverse of the undesired
distortion obtained when phase modulation is re-
ceived on a frequency modulation receiver. Ob-
viously, if the phase modulated signal is passed
through these circuits in sequence, the distortion
effects, which are the inverse of each other, will
add or cooperate to give a resultant signal which
is truly representative of the initial signal to be
worked with. This might seem like a devious
route to follow to receive phase modulation.
Actually, it is not, however, and is, on the con-
trary, a convenient manner to receive phase
modulated signals under certain conditions. The
phase modulated signals are first received on a

= frequency modulated receiver, then converted by

means of a local modulating means (transmitter)
to frequency modulation, and received on a phase
modulation receiver as shown in Fig. 9.

The logical assumption may be that, since a
phase modulated signal receiver is used in this

correction circuit, the phase modulations should -

be received directly on that unit. However,
there are reasons for following the present course.
First, the received signal output from phase
modulated signals received on a frequency re-
ceiver, including correcting means as illustrated
in Figs. 6, 7, Ta and 8, is different from that re-

ceived directly on a phase modulation receiver .

with respect to interference, fading, and tunihg
characteristics. Consequently, a corrected fre-
quency modulation receiver (receiving phase

“modulated signals) will feed a certain circuit

> ‘-~ more suitably than a phase modulation receiver

4]

70

3

receiving the same signals directly. Second, the
phase modulation system, including the local fre-
quency modulation transmitter, when used for a
correction circuit, in accordance with the present
invention, is far more simplified than when the
transmitter and receiver are at widely separated
points. This may be realized by an inspection
of the circuit of Fig. 9a, which shows a correc-
tion circuit of this type in detail. .

In Fig. 9a the signal frequencies to be corrected
are applied from the detector of the frequency
modulation receiver FMR tuned to and receiving

2,230,212

the phase modulated signal picked up by the
antenns to the input terminals of a transformer
8§6. The secondary winding of transtormer 50 is
connected to the control electrode 99 of an oscil-
lation generator 91 of the dynatron type. The
anode 92 is connected with an oscillatory circuit
83 in which oscillations at high frequency are
developed by producing a negative resistance
effect in the anode cathode circuit, as disclosed
more -in detail in United States application Ser.
No. 508,383, filed April 30, 1932, now Patent No.
2,085,739, issued July 6, 1937, The high fre-
quencies generated by the dynatron oscillator are
modulated in frequency, as disclosed more in
detail in the above identified application. . The
modulated oscillations are impressed from the
circuit 93 on to a winding 94, and from winding
84 in opposition to the control electrodes 95 and
96 of thermionic differential detectors 98 and 100
of a phase modulation receiver. The anodes 101
and {02 of differential detectors 98 and 180 are
connected in series through resistances 110 and
tit, as shown. Charging potential for the anodes
is supplied from a source 103 connected between
the terminals of resistances I'(0 and i1 and the
cathodes of tubes 88 and 180. The different cur-
rents resulting from the signal frequencies im-
pressed oppositely to the control electrodes of
tubes 98 and 100 flow in thé resistances 110 and
{11, These different currents are applied from
the high potential terminals of resistances 110
and {ff to the input terminals of a radio filter
circuit comprising series inductances I, I’ and
parallel condensers C: connected as indicated.
After passing through the filter circuits I, I’, Cs
the different currents flow through resistances
Rs, Re to the control electrode 185 and cathode
{06 of a second dynatron oscillation generator
§08." Capacities Cs are connected between the
terminals of the resistances Rs, Re¢ and ground.
These resistances and capacities regulate and
determine the time constant of the circuit inter-
posed between the differential resistors 110, (11

~and the input electrodes of the oscillation gen-

erator 108 to regulate the sensitivity and rapidity
of the control effect of the different currents on
the oscillator 108.

A source 109 supplies direct current biasing po-
tential to the grid electrode of tube 188. The dif-
ferential currents from resistances (10 and ({1
are superposed on this direct current potential.
The output circuit {12 of the dynatron oscillation
generator and modulator 108 is caupled through

" & link circuit 113 with a transformer (14, the sec-

ondary winding 115 of which is connected in
series with the control electrodes 95 and 96 of
differential detectors 98 and 100 so that the car-
rier frequencies developed in {12 and modulated
by the differential currents in 108 are applied
cophasally to the control electrodes of the differ~
ential deteclors 98 and 106. This entire arrange-
ment of the differential detectors and the fre-

20
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quency control means for the supplemental mod-

ulator and generator 108 is, in many respects,
similar to the automatic frequency control device
disclosed in United States Appin. Ser, No. 616,803,
filed June 13, 1932, now Patent #2,065,565, issued
on Dec. 29, 1936.

‘The detected signals appearing in the anodes
of differential detectors 98 and (00 are applied
by way of coupling condensers 16 and (17 to
the terminals of series resistances 118, 119 and
from the terminals of said resistances to the
control electrodes of a pair of amplifier tubes 120
and {21 having their anodes connected through
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the primary winding 63’ of a transformer 84,
This phase modulation receiver, Including the dif-
ferential detectors 98 and (00, the frequency con-
trol means 108, and the repeaters 120 and 21,
impart to the modulated signals from frequency
modulated dynatron 80, a distortion which is the
converse of the distortion given to the initially
received phase modulated signal by the frequency
modulation receiver FMR. The two distortion
effects add to provide in the output of trans-
former 64’ a signal which is truly representative
of the signal impressed on the original pbase
modulated wave. The corrected signal frequen-
cles may be utilized from the secondary winding
85’ of this transformer.

Any one of the correction circuits illustrated in
Figs. 6, 7, 7a, 8, 9, and 9a, may be utilized with

* the frequency modulated recelvers of Figs. 1, 2, 3

and 3a, as indicated In Fig. 10, in which { is the
gerial system, 2 is a-signal amplifier of any type,
and 80 Indicates any one of the phase or fre-
quency or amplitude receivers of Figs. 1, 2, 3 and
3a connected to 2 by way of leads & and 5. The
correction circuits of Figs. 8,7, 7a, 8, § and %a
may be incorporated in the receivers by merely
connecting the primary winding of the -trans-
former 80 of any of the correction circults to the
output terminals of the detectors C, AB, or CIJ of
the receivers of Figs. 1, 2, 3 and 3a, respectively.
When the recelvers are so modified pheage modu-
lated signals may be received thercon Without
distortion.

In Fig. 11, s plurality of aerial systems, &, ¥
and Z may be coupled through radio frequency
amplifiers X1, ¥1 and Z: to the amplifier and/or
combining unit indicated diagrammatically at 2.
The units &1, ¥1 and Z: may be hetersdyne re-
ceivers which reduce the signals to an intermedi-

‘ate frequency for transmission over the lines to

the unit 2. 'The unit 2 may include the radio
frequency ampliflers or a heterodyne receiver in
addition to the combining unit. The output of
the unit 2 is, as Indicated, connected by way of
leads 3 and 8§ to a frequency or phase or ampli-
tude modulated signal receiver 80 of the type
shown in any of the Figs. 1, 2,3 and 3a.

When the unit 80 includes g frequency modu-
Iation receiver, a, correction circuit, as ilustrated
in Pigs. 8, 7, 7a, 8, 9, or 9a, may be included in
the unit 81 shown dotted between the receiver 88
and the output jack in order to enable distortion-
less reception of phase modulated waves. -

Furthermore, it will be obvious that the present
invention is especially applicable to diversity re-
celver systems in which automatic volume control

~for the radio frequency amplifiers is provided.

Such a system then might take the form of the
arrangement disclosed diagrammatically in Fig,
ila. In this arrangement, a direct current com-
ponent Is derived from the output of the demodu-
1ation tube or rectifier and fed back to the radic
frequency amplifiers of the units X1, ¥1 and 721

where it is used to determine the biasing poten--

tial applied to the tubes therein thereby deter-
mining the amplification factor of the tubes.
The errangement is such that the desired rela-
tion between received signal strength and biasing
potentlal may be maintained. A more complete
understanding of the details of this volume con-
trol may be had by referring to Moore U. S. Pat.
#1,849,632, and Crosby U. S. Pat. #1,835,761.
Although in the arrangement of the present
invention as illustrated above, in general tubes of
the triode type, except for the dynatrons of Figs.
9 and 9¢ are used, it will be understood that said

5

circulis may obviously be modifled to use any of
the types of tubes In general use today. For ex-

" ample, tubes of the screen grid type mav be In-

serted in place of the friodes illustrated without
departing from the spirit of the present Inven-
tlon., Purihermore, other tubes also may be uti-
lized, the only provision being that the tubes have
the dexlred operating characteristics.

I claim:

1, The method which includes subjecting a
phase modulaied wave to & frequency demodula-
tion and amplifying the higher fregquencies of the
demodulated wvaves to a lesser extent than the

Jower frequenciss of the demeodulated waves.

3. Means for 1 ceiving and demodulating waves
of substantially constant amplitude the phese of

10

which is varied substantially in accordance with

signals comprising, wave absorption means, sig-
nal combining mesans, & plurality of transmission
channels of different electrical character con-
necting sald absorpticn means to sald combining
means, signal demodulating means connected to
said eombining means, and & circult, for intensi-
fying the higher modulstion frequencles result-
ing from said demodulgtion relative to the lower
modulation frequencles resulting from said de-
modulation, connected with ssid demodulating
Ieans. ]

8. Recelving mesns including the combination
of signel responsive means, combining means, a
plurelity of chanmnels conuecting sald combining
meens to sald responsive means, one of said

" chennels including signal wave phase shifting

means, and g Alter circuit connected to said com-
bhining means, the characier of said filter circult
being such that the amplitude of the signal in
the output thereof is inversely proporticnal o
the frequency of the signal applied to the input
thereof from sald combining means.

4. Means for demoduleting high frequency os- 4

20

28

80

36

cillztions modulated in phase af signal frequency -

comprising, signai collecting means, signal com-
bining means, & plurality of channels of different
electrical length connecting said combining

means to seld collecting means, the electrical 4

iength of cne of sald channels varying with ¢he
phase of the received signal, indicating means,
and & correction circuit interposed between said
demodulating means and sald indicating means,
said correction eircult inciuding a frequency dis-
criminating reactance whereby the voltages ap-

pled from said correction cireuit to said indicat-

ing meens vary Inverseily as the frequency of the
signal componente impressed from said demodu-
lating means on the input of said correction
clreuit. hi

5. Means for demodulating high frequency os-
cilletions modulated in phase at signal frequency
comprising, signal colleeting means, signal coms=
bining means, a plurality of channels of different
electrical lengih connecting sald combining

50

55

890

means to sald collecting means, signal demodu- .

lating means coupled {o sald combkining means,
slgnal indicating means, and a correction circuit

interposed between said demodulating means and

said indicating means, said correction circuit in-
cluding g thermionic tube having its Input elec-
trodes connected to said demodulating means and
its output electrodes connected to said indicating

-means by means ¢f ohmic resistance and react-

ance so related that the output voltages vary
inversely as the frequency of the audio frequency
signals on the input of said correction circuit.
8. In a system for amplifylng and demodulat-
ing waves modulated at slgnal frequency, wave

85

70

75



8 : ' 2,230,213

amplifying and amplitude limiting means, 2 cir-
cuit for impressing the waves to be demodulated
on seid means, an output circull connected to

said means,, & combining circuit, & plurality of

8 signal transmission lines of different elecirical
length connected to said output circuit, means
connecting each of said lines to said combining
circult, and o rectifier connected at iis input to
_said combining circuit and at its output to signal

10 indicating means, and a correction circuit inter-
posed between said rectifier output and said sig-
“nal indicator, sald correction eircuit comprising
reactances which modify the amplitude of poten-
tials passed thereby substantiaily in inverse pro-

18 portion to their freguency.

7. A phase modulated signal receiver compris-
ing, signal absorption means, signal combining
‘means, & plurality of transmission channels con-
nected with said absorbing means, at lsast one of
said channels comprising s filter circuit of ap-
preciable electrical length, which length varles as
the character of the received signal varles; means
for coupling points on each of saild channels at
which the signal waves travelling thereln are of
different phase to sald combining means, and a
signal frequency discriminating circult connected
to sald combining means, the character of sald
frequency discriminating circuit being such that
s0 it modifies the amplitudes of the potentials passed

20

25

thereby substantislly in inverse provortion with-

respect to the frequency. of said potentials passed

thereby.
8. Receiving means including the combmation
g8 of signal responsive means, signal combining
means, 2 plurality of channels of appreciable
electrical length connecting said resoonsive
means to said combining means. and a filter cir-
cuit connected to sald combining means, the
¢6 character of said filter circuilt being such that the
amplitude of the signals in the output thereof is
inversely proportional to the frequency of the
stenals impressed from said combining means on

_ the input of said filter.

48 9. A receiving system for franslating carrier
waves of constant amvlitude modulated in ac-
cordance with a signal to be transmitted com-
prising means for recelving wave energy so mod-
ulated, means for transforming the wave energy

80 received into waves of varying amplitude, means
for rectifying the wave energy of varyving amvli-
+ude so as to produce wave energy of modulation
frecuency. and means for amvlifving sald last

. mentioned wave energy an amount inversely pro-

88 portional to the modulation freauency thereof.

10. A recelving system for translating carrier
waves of constant amplitude modnlated in ac-

cordance with a signal to be transmitted compris-

ing means for receiving wave energy so modu-
60 lated, means for transforming the wave energy
received into waves of varying amplitude, means
for rectifying the wave energy of varying amopli-
tude so as to produce wave energyv of modulation
frequency, and mearns for amplifying said-last
63 mentioned wave energy an amount which bears
an Inverse relation to the modulation frequency
thereof.
11. In combination, means for picking up phase
modulated waves, a frequency modulation. re-
70 ceiver coupled to said pick-up means for trans-
lating thg phase modulated waves into waves of
modulation frequencies, a correcting circuit, and
means for passing said waves of modulation fre-

.quencies through said correcting circuit, said cor-

78 recting circuit having a characteristic such that

its output varies inversely with the frequency of
the input applied thereto.

- 12, The method which includes subjecting a
phase modulated wave to a frequency demodula-
tion, and attenuating the resulting demodulated 8
waves of lower frequency to a lesser extent than
the demodulated waves of higher frequency.

13. The method of radic reception which in-
cludes receiving phase modulated high frequency.
carrier wave energy, subjecting the received en-
ergy to a frequency demodulation, and amplify-
ing the resulting demodulated waves in such a
way that the demodualted waves of lower fre-
quency are amplified to a greater extent than
the demodulated waves of higher frequency. 15

14. The method of radio reception which in- .
cludes receiving phase modulated high frequency
carrier wave energy, heterodyhning the received
waves to a convenient intermediate frequency,
subjecting the waves of intermediate frequency 20
to a fregquency demodulation, and attenuating
waves resulting from the said frequency demodu-
‘lation in such a way that the demodulated waves
of higher frequency are attenuated to s greater ..
extent than the demodulated waves of lower fre- 20
guency. )

15. The method of radio reception which in-
cludes heterodyning received phase modulated
high frequency carrier waves to a convenient in-
termediate frequency, subjecting the waves of 30
intermediate frequency to a frequency demodu-
lation to obtain a band of low frequency currents,
and amplifying the low frequency currents of said
band to a substantially greater degree than the
high frequency currents thereof. 98

16. The method of radio reception which in-
cludes receiving phase modulated wave energy,
subjecting the received energy to a freguency de- .
modulation and attenuating the higher frequen-

—

0

‘cies. of the demodulated waves to a greater ex-~ 40

tent than the lower frequencies of the demodu- -
lated waves.

17. The method of radio reception which in-
cludes receiving modulated signal waves, sub-
jecting the received waves to a frequency de- 45
modulation, and amplifying the demodulated
waves in such a way that the amplification varies
inversely with the frequency of the demodulated .
waves. B

18. In a system for demodulating high fre- 5¢
quency wave energy which has its phase swung
with respect to a reference phase an amount sub-
stantially proportional to the modulation voltage
over a portion of the frequency range of the
modulation voltage, means for- receiving wave 55
energy so modulated, a frequency modulation de-
modulation system having an inpui coupled to
said aforesaid means and having an output, sig-
nal indicating means having an input, and a cir-
cuit, having -a characteristic such that voltages 60
of higher modulation potential frequencies are
attenuated thereby ah amount greater than vol{-
ages of lower modulation potential frequencles,
coupling said frequency modulation demodulator
to said signal indicating means Input. 65

19. The method of demodulating wave energy
of constant amplitude which has been varied in.
wave length by modulating potentials modified
in such a manner that tlie resulting wave length
modulation includes phase and frequency modu- 70
lation components comprising, Teceiving energy
so modulated, subjecting the received energy fo a
frequency demodulation and amplifying the re-
sulting demodulated waves in such a way that
the demodulated waves of lower signal frequency .75
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are amplified to a greater extent than the de-
modulated waves of higher signal frequency.

20. The method of signalling which includes,
receiving a wave which has been modulated so
as to include frequency and phase modulated
components, substantially eliminating amplitude
changes in said wave, subjecting said wave to a
frequency demodulation, and attenuating the re-
sulting demodulated waves of lower frequency to
a lesser extent than the demodulated waves of
higher frequency.

21. The method which includes, subjecting a
modulated wave, modulated so as to be a com-
bined frequency and phase modulated wave, to a
frequency demodulation, and attenuating waves
of lower frequency resulting from the demodula-

S 7

tion to a lesser extent than waves of higher fre-

quency resulting from the demodulation.

22. The method of radio reception which in-
cludes, receiving high frequency carrier wave
energy which wave energy is modulated so as to
include frequency and phase modulated signal
components, heterodyning the received energy,
substantially eliminating amplitude changes in
the heterodyned energy, subjecting the hetero-
dyned energy to a frequency demodulation and
amplifying the resulting demodulated waves in
such a way that the demodulated waves of lower
frequency are amplified to a greater extent than
the demodulated waves of higher frequency.

MURRAY G. CROSBY.
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