Sept. 30, 1941. J. E. SMITH ETAL

Y

2)2 23
TRANSIVTTER

27’
2
| mosuenron
| @lzx

RMPLIFITER

7

L
LW PRIS
FILTER

FREQUENCY MODULATION OF SIGNALS
Filed April 27, 1939 °

scanweay!

©
00000090

L

' 2,257,282

4 Sheets-Sheet 1

NVENTORS
JRMES iZ&MVﬂH,Jﬂﬂﬂﬁ}ACE%77§%Zﬂ
" AND GILBERT R. CLARK

ATTORNEY.



J.E ‘smi‘;rH ET AL 2,257,282

FREQUENCY MODULATION OF SIGNALS

Sept. 30, 1941.

4 Sheets-Sheet 2

Filed April 27, 1939

78 <

, A FIAICITY

V4

5 P
.w.n\.
= ~ 45
+ zisiu.l =
hnw M.(Nn : T
zs. |
LS/
-+ ;3
3 677 /3
3 241
(744 5
£S5 oS
: A
1 sInure
HIILITY HILIT .
L— ANIRR : h HILIMS .M.m., YLy
, NOHLIFTTS i $oo MY
SAE —
o #E
) Y
\
4 by
: ‘ SE/ V174 #Eh
. HP 70000 YILTS , YL o
AININOTYS 580 107 L7 ssow aVoE|
T T , T T
£ sE4 OF 28/ 62 pd  EC

' INVENTORS

JRMES £. SMUTH ,JAMES No WHITRKER

RND GILBERT R CLARK

BY

i

SUEYESTY
INNITITY

7
s

>~
e




2,257,282

4 Sheets-Sheet 3.

774,

H7qH027Y

yoL27L3a|]
AININDIES

-

/
o

Ll

é

J. E. SMITH ET AL

‘FREQUENCY MODULATION OF S_IGNALS
Filed April 27, 1939

 S6

‘Sept. 30, 1941.

101 ol

YVVVYVVY

A 4
R
AN
\,

INVENTORS

JRMES E. SMITH, JRMES M WHITRAER

ng\ﬁom}zy.'

AND GILBERT R. CLARK

BY




J. E. SMITH ET AL
FREQUENCY MODULATION OF SIGNALS

Sept. 30, 1941.

2,257,282

4 Sheets-Sheet 4

Filed April 27, 1938

OF Ul

INVENTORS

NS

ATTORNEY.

S
Sx
KX
Y
| §s
=0
, Y7471 | | d778000 el
C e S56 ANEE | | ATNINO 787 |h
. \\ Y 3 ””
. 2 N
T N— - Tr OF/ P |70, - 83
- ¥ dasaneswers o | L | wrozss| \eowwess|  §
A : O 7780780 o ]
i — 2
. ' T ﬁﬁ
< - i 4 S
—~ —A v FALNS N
S& = st anes| |0
A -
‘ &
v ; \M\V\/
, S
p, L .o .
. \\ 7/ . Q
— T e 0F/
e N\,
SN P 2
] 77 2 ,
A TN, TN , |
£ y ouns | S
67/ LIRS ONYT G
_ Y, 7
\/ g #E
0" YouIUIT .w
4 @k\k\ ooy |#Rrwr?
7 7 .
&F LE .
" y7renoq | | ¥aLrry L | o S _
| | oo | sse0 Ho7 GILIVT) | ortir v W =
7 7 7 7 .
/£ 3 62 N4




Patented Sept. 30, 1941

2,257,282

UNITED STATES PATENT OFFICE

2,257,282
FREQUENCY MODULATION OF SIGNALS
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Whitaker, Weehawken, N. J., and Gilbert R..
Clark, Brooklyn, N. Y., assignors to Radio Cor-
poration of America, a corporation of Delaware

" Application April 27, 1939, Serial No. 270,332
(CI.-250--20)

21 Claims.”
This invention relates to the variation of car-:

rier ‘'waves by change In frequency, instead of
amplitude, and is particularly useful in photo
radio  transmission although it is capable of
various other uses.

As is now well known, changes in the condition
and height of the inonosphere produce fading
effects: in ‘radio transmission. These changes
may at times affect all frequencies within a wide
range and at other times affect only a particular
frequency or frequencies within a quite narrow
range. The first is usually referred to as general

fading and the second as selective fading. These’
two effects may be produced at different times or:

they may occur simultaneously.
To overcome the effects of fading it.has been
- proposed to modulate the carrier wave by chang-
ing the frequency rather than' the amplitude,
. since fading produces amplitude variations of the
signal.. Prequency modulation would thus enable
one to discriminate between the signal modula-
tion and that produced by fading. By using fre-
quency modulation at the transmitter and rigidly
Hmiting the voltage or current at the receiving

station, the amplitude modulations produced by 2

fading can be eliminated. For a disclosure of
this. general method of reducing fading, refer-
ence is made to the patent of Wright and Smith,
No. 1,964,375, June 26, 1934.

Also, in producing frequency variation it has
been found advantageous.to vary the frequency
of ‘a sub-carrier and then amplitude modulate
the radio frequency carrier by this. frequency
modulated sub-carrier.
produce ‘an improvement in the transmission of
pictures as compared to systems using amplitude
modulations, selective fading effects are still no-
ticeable. . Most objectionable is the selective fad-
ing of the radio frequency carrier. Whenever
this ‘occurs the received signal appears to: be

over modulated by the side bands thus producing
spurious components in the detected output con-

sisting of ‘the side band separation frequency and
harmonics thereof. 'The main spurious compo-

nent is the second harmonic of the sub-carrier <

caused by this beating together of the two side

bands.. Other even harmonics may be produced

but to a less extent.

‘It is one object of our invention to overcome
the -effects of selective fading by selectively re-
ceiving the subcarrier 'and its second -harmonic
_and utilizing the latter when the former fades.

" Another gbject of the invention is to provide an
improved switch of instantaneous action  for
automatically selecting either the sub-carrier or

‘While the improvements
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-the second harmonic thereof, depending upon

selective fading conditions..

Another object is to provide an arrangement
that automatically switches a desired harmonic
frequency of the signal in or out of circuit upon
the fundamental frequency of ‘the slgna.l falling
below a predetermined intensity. e

Another object is to provide an arrangement
‘in. which a utilization device is automatically
connected to.receive the fundamental frequency
when it rises above a predetermined intensity
and to receive a desired harmonic thereof when
the fundamental falls below a predetermined
intensity. :

Another object is to produce an automatic
switch that will operate at greater speed than
the rate of change in selective fading.

Other objects will appear in the followlng de-
scription, reference being had to the drawings .
in which:

Fig. 1.is a part dia.gramma.tic and part block
illustration of a transmitter,

Fig. 2 is a block diagram of the recelving cir-
cuits.

Fig. 3 is a diagrammatic illustration of the

'voltage limiter of Fig. 2.

Fig. 4 is a diagrammatic illustration of the fre-
quency doubler of Fig. 2. .
Fig.5 is a diagrammatic illustration of the elec~
tron switch of Fig. 2.

Fig. 6 gives the .voltage-frequency graphs of
the frequency detector.

Pig. 7 is a diagrammatic illustration of the

“band pass frequency detector of Fig. 2.

40

Fig. 8 gives a series of graphs illustrating the =
operating :characteristics of the. limiter.
- Pig. 9 is a modified form of receiver.

“Pig..10 is a modified form of transmitter.

Fig. 11.is a recelving system for the transmit-
ter of Fig. 10,

Referring to Fig. 1, the picture scanner may

be of any desired kind as indicated at (, but it
‘preferably has a tone output by control of a

source 2 of audio oscillations. The tone output
at -3 varies the frequency of a sub-carrier oscil- .
lator which in turn modulates a radio frequency
carrier. Various sub-carrier oscillators may be
used but we have illustrated one of the hetero-
dvne type. The tone output 3 of the scanner '
feeds Into double rectifier 4 and the rectified out-

put is applied so that it acts as a negative blas -

. on tube 5 that varies with the scanner output.

Two high frequency oscillators € and T are ad-
justed.to oscillate at frequencies differing by a
low frequency beat, for example, 800 cycles. Os-
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ciliator § maintains a constant frequency but
oscillator 7 has its frequency wvaried by the
vacuum tube stage 5. Tube B has its plate-
cathode circuit in shunt with the high resistance
8 and condenser §’ which iIs in series with the
condenser 8 to one side of coil §3. The series-
parallel circuit of condenser 8 and tube § and
high resistance 8 and condenser 8° is thus in
parallel with half the input coil {0 of osciliator 7.

The outpui of oscillator 6 iz adjustably con-
nected to control grid {1 of tube {2 which is sur-
rounded by screen grid §3. The voltage on this
screen is preferably lower than that on the plate
of the tube. The output of csclllator 7 iz ad-
- "Justably connected o another control grid if of

tube 2. . The output of tube 12 is passed through
- & low pass filler 8§ to filter out all frequencies
- but the varying beat frequency. This varying

beat frequency which is the sub-carrier frequency

previously refesred to, 15 amplified at 28 and

modulatez & high freguency carrier 2] at 21’ in

any way. Trensmitter 22 radiates the signal by
means of antenns 28, The modulator 21° may
be of any type desired. -

In Fig. 2 the recelving antenna 24 Is connected
o an appropriate receiving apparatus 25 which
may consist of zadio fremuency amplifiers, & de-
tector and sudie frequemsy smplifiers and any
other desired devices for converting the slgmals
into audio frequencles of the desired intensity.
‘The output of the emplifier 28 contains two pri-
marieg 28, 27, providing two paths for the signal,
one for the fundamenial sub-carrier, and ths

other for the second harmonic of the sub-carrier.

The path for the fundamental consistz of & band
pazs filfer 28, voliage limiter 28, low pasg Alter
88, and frequency doubler 81, ‘The output lines
32 of the freguency doubler are connected to
clectron switch 83. Filter 28 is also connected to
the switch 33 by lines 33’ for @ purpose explained
later herein.

The path for the second mMOMc consists of &
band pass flier 34, the output lines 38 of which

1o
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grounded, It is preferable to use this resistance
but 1t can be omitted when desired. _

The anode of rectifier 50 is connected to the
cathede of rectifier 33 and the anode of rectifier
B2 is connected to the cathode of rectifier §i.
The amodes of rectifiers 81 and 53 are connected
to the grids of tubes 58 and 59 and resistance 60
is connected across these grids, the center of the
resistance being grounded. The cathodes of
tubes 58 and 39 asre connected by adjustable tap
81 to potentiometer resistance §2, one end of
which is connected to the positive terminal 58
and the other one of which is connected to nega-

. tive terminel §7 through ground. This resistance

is & source of negative blas for tubes 68 and ¥8.
The anodes of {ubes 58 and 53 are connected in
push pull fashion and fed by the source 58 in the
usual way as is clearly indicated in the drawing.

Referring to Fig. ¢ which lllustrates the fre-
tuency doubler, the input coll 83 is connected
across resistance 84, the adjustable tap of which

. is connected directly to the cathodes 68 and 87

&3
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are connecied to the clectron switeh 88. The -

output lnes 38 of the electron switeh sre con-
nected to the voltage Umiter 37 and the circult iz

cendinued from esnductors 81’ through frequen-

cy detector 88, rectifier 3% %o recorder 48, which
records & picture of the object on the surface 41.
This recording may be carried out by the photo-
graphic process, visuel process, or by any other
method 23 our invenilon iz independent of the
particuinr type of the recorder.
the voliage limiter, frequency doubler, eleciron
switch and frequency detector are ahown in Flgs.
3, 4, 5 and 7, respectively. The detalls of the
other devices in Figs. 1 and 2 indicated in bloek
diagrams are old and well known in the art and
are not Mustrated. .

In Fig. 3 which illustrates the voltage limiter,
input coil 42 feeds into the input of amplifier 48,
The output 47 feeds into push pull amplifier 43

The detsilz of

8D

83

80"

' having resistors 48’ to aid in the Hmiting action.

The ouiput of the amplifier feeds Into the recti- .

. fying device Indicated generally at 48, Thiz con-
sists of four rectifiers 5@, ©f, 832 and 53, so ar-
- renged that the rectifled current for each half
wave passes through two rectifiers in series and
both half waves are produced by the same cofl
" 83’. 'The cathodes of rectifiers 89, 82, are con-
nected by adjustable tap ¥4 to potentiometer re-

sistance 85, one end of this vesistance being con-

nected to the positive terminal 38 of a source-of
supply, the other terminal 87 of this source being

of tubes 68 and 88 and to the negative supply.
The grids 70 and 7! of these tubes are connecled
to opposite ends of resistance 84 through re-
sistances 7{’. It will be recognized that the input
of tubes 88 and 89 are comnected in the well
known push pull fachion. The anodes 72 and
T1%; however, are connected in paraliel to the
output primary 78. This is 2 well known form
of frequency doubier having a double frequency
oulput voliage that is substantiaily a sine wavs,

In the clectron swilch shown in detail in Pig,
% the control lines 33 (see also Fig. 2) introduce
the fundamental of the signal into the input 13
of ths amplifier tube 78. The circult of this am-
plifier is of the usual kind and will be understood
from the drawings without further detailed de-
scription. The output circuit 77 introduces the
signal Into double rectifier 18 which also may be
two separate fubes. The podiiive terminal 78 of
this rectifier is connected t0 one end of resistance
80 and the negative terminal 8! is connected to
the othrer end of this resistance. A Alter con-
densger 82 Is connected across these terminals and
an adjustable tap on 83 is grounded.  The nega-
tive end of resistance 80 is connected through an
appropriate resfstance 83 to the grid 84 of a gas
triode 85. The positive end of resistance 80 is
connected through & negative grid biss 85 and
appropriate resistance 87 %o grid 88 of a similar
ges friode 88. These gaz friodes are variously
known as “Thyratrons” and “Grid glow” iubes
and usually have an Internal drop of about 15
volis across the anode and cathode. The snodes
8! and 92 of the gas triodes are joined together
and connected {o the positive termiinz] 98 of &
source of which the negative terminsa] is indi-
cated at 94, The terminal 93, may, for example,
have 80 volts and & still higher voltage terminsl
28 may have 180 volis. This latter is connected
t0 the plate of amplifier tube 76 and to other
electrodes to be referred to later. The cathodes
36 and 87 of the gas triodes are connected to-

5 gether through commutating condenser - 88.

Cathode, 87 is also connected through. resistance
88 to one end of resistance 106, which end is also
connected to the cathodes of push pull amplifier

. tubes {04 and §02. The other end of resistance

0% is grounded and is connected to the center of

- the secondary of transformer {08 which is'fed by

input connection 35 (see also Fig. 2). The op-
posite ends of this. transformer secondary are
connected to the grids of tubes 181 and 102. -

. The anodes of tubes 101, 192, are connected to
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output coil 104 across which is connected resist-
ance 105. The center of this resistance has an
adjustable connection 106 extending from cath-
ode 88 of the gas triode 85. Cathode 96-is con-
nected through resistance 107 to resistance (08
and also to the cathodes of push pull amplifier
tubes 189 and (10, The opposite end of resist-
ance. {08 is connected to ground and to the cen-
ter of the secondary of transformer {4 which is
fed by the input lines 32. The opposite ends of
the secondary of transtormer (1§ are connected
to the grids of tubes 109 and 110. The anodes
of these tubes are connected to the primary of

transformer 112 across which is tapped resist- .

ance 113. An adjustable connection | i4 is made

between the central portion of this resistance.

and cathode 91.

The secondary of transformer (04 is connect-
ed between ground and the grid of amplifier
tube 115. The secondary of transformer 112 is
connected between ground and the grid of am-
plifier tube 116, The anodes of tubes 115, 116,
are connected in parallel to output transformer
11T which is connected to positive terminal 95.
The cathode of tubes 115, 116, are likewise con-
nected in parallel through grid bias resistor 117’

10

16

20

25

3 .

The antenna thus radiates a radio carrier fre-
quency modulated by the variable sub-carrier
frequency, the variations being produced by the
scanning -apparatus.

The sub-carrier frequency-modulated radio
frequency carrier will be received by antenna 24
and receiving apparatus 25 of Fig. 2. It will be

‘amplified, detected and amplified at audio fre-

quency in the usual way and the output will con-
sist of the varying frequencies of the sub-carrier.
These frequencies may not, and'in most cases
will not, be of constant amplitude because of the
fading effects previously referred to. When the
selective fading is such as to cause the fading
of the radio frequency carrier the two side bands
of the sub-carrier beat together and form even
harmonics, chiefly the second harmonic fre-
quency.

Tt will be noted from Fig. 2 that the audio out-
put of the radio receiver 25 is fed to the recofd-
ing apparatus through two paths, one F for the
varying fundamental of the sub-carrier, and an-
other H, for its correspondingly varying har-.
monic. If the fundamental of the sub-carrier
has not been materially affected by fading of the

_#radio frequency carrier the main signal energy

to ground. : Across this resistor may be placed a -

filter condenser 1i8. The secondary of trans-
former (11 is connected to lines 36 which feed
the limiter 31 of Fig. 2.

In the frequency detector 38 of Fig. 2 shown
in detail in Fig. 7, the input lines 37’ introduce
the signal into a low pass filter through trans-
former {18. The low pass filter consists of se-
. ries inductances 119, 120, and shunt capacities
" 121,122 and 123, arranged in the usual way.

These -inductances and capacities- are of such
number and value that the charactetistic curve
A shown in Fig. 6 will have a substantially
straight portion @, b, between the frequencies
fi1 and f2. The frequencies fi and f2 may have
various values but in practice we have found it

30
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satistactory to use a sub-carrier frequency vary-

ing between 800 and 1000 cycles per second
which when doubled by the frequency doubler
would have a value of 1600 fo 2000 cycles per
second. - The lower frequency fi would therefore
" have a value of substantially 1600 cycles per sec-
ond and the higher frequency f2 a& value of sub-
stantially 2000 cycles per second. As an alter-
native form the filter may have series condensers
and shunt inductances, if desired, and then the
characteristic will be like curb B in Fig. 6. .
The operation will now be described. The tone
output of scanner | is rectified by double recti-
fler 4 and varies the plate-cathode impedance
of tube § and thus varies the tuning effect of
condenser 9 in oscillator 1. Oscillator & is set
to oscillate at some suitable frequency, for ex-
ample, 75 kilocycles and oscillator T will oscillate
under control of the scanner at a frequency that

50

55

G0

varies above or below the frequency of oscillator
6 a sufficient amount to produce a beat, the lat-

_ter varying from about 800 to 1000 cycles. - This
beat or:sub-carrier frequency is produced in the
output ‘of tube 12 by connecting the output of
oscillator 6 and 7 to control grids 1§ and {4 re-
spectively. Low pass fllter {5 permits the vary-
ing sub-carrier frequency to pass and the higher
frequencies are flltered out.

The sub-carrier frequency is amplified at 20
and the modulator 21’ modulates the radio fre-
quency’ carrier 21. The ‘modulated- carrier is
then radiated by transmittet 22 through an-
tenna 23.

. doubler 31.

will pass through band pass filter 28 which has
been designed to have sufficient breadth to pass
the sub-carrier fundamental ‘and its ‘variations
produced by the scanning apparatus. The fun-

‘damental then .passes through the limiter 28

which. is so designed as to provide an output of
substantially constant amplitude for wide vari-
ation in input amplitude. The output of the im-
iter is fed through low pass filter 30 to eliminate
harmonics caused by the action of limiter 29.
The fundamental frequency is then doubled by.

doubler 31 so that it is the same as the frequen-
cies in the other path. - The limiter 29 is inserted
so as to give a constant input to the frequency
If it were not. for this, the limiter
31, to be later described, would suffice.

The limiter 29 need not be of a particular type,
but the limiter shown in Fig. 3 is preferred. As
the signals pass into limiter 29 through input
conductors {24 the signals are amplified by the

‘single stage 46 (Fig. 3) and pass into the input

of the push-push stage 48. The purpose of re-
sistors 48’ is to aid in the limiting of the modu-
lations. .- The output of the stage 48 is then rec-
tified and the rectified signal fed through the
push-pull limiter tubes 58, 59. When the signal .
is introduced into the input of rectifiers 48 with
«slider 54 moved to the ground terminal of resist-
ance 8§ and with terminal 12§ positive, current
will pass from the anode of tube 58 to the cath-
ode, through adjustable contact 54 to ground and
from ground to the lower part of resistance €0
to the anode of tube §1 and thence to the cath-
ode and end 127 of the resistance 126.

When terminal 127 is positive current will pass
from the anode to the cathode of tube 52 and
thence through contact 54 to ground and through
the upper part of resistance 60 and from the
anode to the cathode of tube 53 to opposite end -

.125. In Fig. 8, 128 represents the drop in the

lower half of resistance 80 and 129 the drop in
the upper half. That is, an oscillograph placed

" - across the whole of resistance 68 would produce

7%

the graph 128, 129. By sliding the contact 58

~towards the positlve side of resistance 55, a

counter E. M. F. is introduced and the part of the:
wave extending from the zero axis to the lines

“e, d, will be eliminated. The portion beyond

these lines will be all that is passed. The form
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of the wave with this adjustment of slider 54
will be as indicated at 138, {31, in Fig. 8. The
amount of threshold action can be made any de-
sired value by adjusting the contact 54. The
potential applied across the grid and cathode of
tube §9 is like either 128 or 130, depending upon
the adjustment of slider 54 for regulating counter
E. M. F. The shape of the waves appearing in the
primary of the output of the push pull stage
depends on the adjustment of contact 6§ which
places a negative bias on the grids.

- Assuming for purpose of explanation that an
appropriate negative bias has been placed on the
grids of tubes 88 and 58 from resistance 62, the
. steady electron flow in tube 58 may be of the

10

15

value indicated by line B, B, and that of tube 58

by line B’, B’; one being reversed in reference
to the other because of the push pull connection
of the plate coils. With slider 58 on the ground
end of resistance 58, the current flow through the
plate circuit of tube 58 in one complete cycle of
the signal will be indicated by graph 183 of
Pig. 8. The first half of the cycle is the reduced
electron flow produced by the half wave 28 ap-

plied as a negative volitage to the grid of that.

tube and the last half of the cycle is the eleciron
fow with no signal voltage applied to the grid.
During the same complete cycle the current
flow In the plate circuit of tube 58 is indicated
by graph (34, the sign being reversed because of
the opposing relation in the push pull plate con-
nection. In both of the graphs {33 and (34 the
gignal drives the grids to negative cut-off, the
parts of the wave cut off being indicated by the
dotted lines. It will be apparent that the cur-
vent, or voltage, in the output circuit (32 will be
as Indicated by graph {3% or 136, depending upon
the adjusting of slider $4 on resistance §8. The
output of the limiter 29 passes through the low
pass filter 30 (Fig. 2) to eliminate any harmonics
- existing therein and thence to the doubler 31.
The frequency doubler 3f produces in output
lines 32, a signal of the same frequency as the
second harmonic appearing In lines 3% of the
other channel, this harmonic being produced by
the beating together of the ragdic frequency side
bands when the radic frequency carrier selec
tively fades. The second harmonic when thus
formed passes through the band pass filer 34
. which exciudes the fundamental.
* 'The signsl in the two channels thus are passed
to the clectron switch 33. In order to swilch
sither the signal of input 38 or that of input 52
% the recorder or other utllization device, it is
desirable to use a switching device of the electron
type such:as {llustrated in Fig. 5. In this figure
the second harmonic, when formed by selective
fading of the sub-carrier entersz at 3% and the
second harmonic formed from the fundamental
by the frequency doubler enters at 32. In order
- to contrcl the operation of the electron switch,
a controi voltage 18 introduced at 33’, shown at
“the left of Pig. 5 and indicated generally in Fig.
2. This voltage is amplified by the vacuum tube
18. The output of this amplifier is rectified by

20
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Tent will flow from plate 92 through resistances

9% and 100 to ground. When no signal vnltage’
exists in resistance 8% thyratron tube 85 coiducts
current but when thyratron tube 92 strikes it
raises the potential at the terminals of the con-
denser 98 by the amount of the drop therein. .
The potential of cathode 96 is therefore momen-
tarily raised above the potential of the anode 91.
The current through tube 85 is thus inter-
rupted. The time constant of the condenser is
such that it cannot discharge fast enough {o
lower the cathode to its operating voltage before
deionization occurs in tube 85 and its grid 8%
resumes control. Since the grid 84 is now made
négative by the signal drop in resistance 88 tube
85 cannot restrike at this time when the positive
ions diffuse.

Condenser 88 thereafter discharges through re-
sistances 1087 and {88 to ground and thence
through the power supply and thyratron tube
88, The condenser then charges in the opposite
direction.

When tube 92 struck and tube B5 was exbin- -
guished plate voitage was removed from smplifier
tubes 184, 102, and was applied to amplifier tubes '
108, 140. ‘Blocking bias was simultaneously re-
moved from tubes (109, 106, 161, i82. Therefore
the doubled fundamentsal at 32 is amplified by
tubes 109, 188 and tube 116 and is passed onto
the Hmiter 37, which is the same as limiter 2§
already explained. ‘The output of the limiter is
passed to the Ireauency detector 26 and is
changed from frequency modulation to amplitude
modulation. Varlous frequency deteciors may be
used but a satisfactory one is shown in Fig. 7.
By referring to graph A of Fig. 6, it will be seen
that the highest frequency fz has the lowest
smplitude Vi, while the lowest frequency f1 has
the highest amplitude Vi. Consequently, the
current flowing from the frequency detector
vardes in emplitude oppositely to the varying fre-
quencies of the modulation. If inductances I8
and 28 in the frequency detector are removed
and capacities substituted, and inductances sub-
stituted for capacities 121, 122 and 133, the curve
would be as indicated in graph B. Either type of
filfers will produce the desired resuls.

The fundamental circuits to the recorder will
remain closed and the harmonic’ circuit open,
ag long as the fundamental voitage in control

_lines 83’ is above & predetermined valv> which

88

8o

85

double rectifier 78 and the output of the rectifier -

i{s passed through resistance 83, an intermediate
part-of which iz grounded. As shown by the
drawing, this places a positive voltage on-the

grid 88 and a negative voltage on grid 84 of the

thyratron tubes 98 and 85, respectively.” Grid
_bias 88 places a sufficient negative bias on tube
39, in absence of signal voltage, to block this tube,
but when the. positive signal voltage is placed on

70

- is removed from tubes 181,

meay be made anything desired. = _
When the fundamental drops below the pre-

‘determined value the negative bias in resist-

ance .88 is insufficlent to prevent thyratron tube
88 from striking and it immediately strikes.
This at once stops thyratron tube 98 from pass-
ing current by action of the commuting con-
denser 98, as already explained. Blocking bigs .
is simultaneously applied to tubes {08, (16, and
162. Plate voltage
also is applied to tubes 181, 102, and removed
from tubes 108, 1{0. The harmonic caused by
selective fading now passes through amplifier
{9f, 192 and {18, to the limiter 37 where the
amplitude variations produced by fading are re-
moved without affecting the frequency modula-
tion .of the signal. The cutput of the limiter {5
then passed to the frequency converter where
the frequency modulations ‘are converted into

" amplitude modulations and recorded as previe

the grid of tube 90 this tube will strike and cur- 75

ously referred to.

As long as the fundamental remains below &
predetermined point the thyratron 85 will cause
the harmonic circuit to be closed to the recorder
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and the fundamental to be open because thyra- -

tron tube 99 cannot restrike .due to insufficient
positive signal voltage to overcome the negative
bias 88. Whenever the fundamental voltage in

coatrol lines 33’ reaches the predetermined point -

‘tube 90 will restrike and commute tube 85. “The
fundamental will then be switched in circuit and
_ the harmonics switched out.

A limiter and filter could be placed between
the harmonic filter 34 and the switch 383, if de-
sired, but we have found that limiter 37 is suffi-
clent. This limiter 31 would also suffice for the
fundamental but as previously explained the lim-
iter 29 is preferably used so as to prewent a.con-

. stant input to the frequency doubler. .

10
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In Fig. 9 we have shown a modified form of

receiving system. In this figure devices and
parts that are similar to those previously de-
scribed are given the same reference characters.
It will be noted that no automatic switch is used
in this modification. To compensate for phase
shift between the two channels we employ a
phase shifting stage 139. By adjusting the re-

20

sistance in the bridge 140 the input into the -

vacuum tube stage 139 will have the phase shift-
ed any desired angle in a way that will be ap-

parent. . This will take care of difference in

phase between the two channels where the phase
shift is of a slow character.

In Fig. 10 we have shown a modiﬁed form of
transmitting system in which the frequency
modulated sub-carrier is passed through two
channels, in one of which. a frequency doubler
" 139’ is used to produce a frequency having the
value of the second harmonic of the sub-carrier.
'The fundamental and the second harmonic-are
combined. at 140’ after being filtered and the
two frequencies are used to modulate the trans-
mitter as in Fig. 1. .

The receiver for this system of transmission is
shown in Fig. 11. The receiving, rectifying and
amplifying apparatus 25 will be of the usual type.
The band pass filter 141 will be designed to pass
the harmonic frequency sent out at the trans-
mitter of Fig. 10. The other devices in this Fig.
11 will be similar to those in. Fig. 2 having the
same reference characters.

When there is no fading: the harmonic fre-
quency will be received and recorded in Fig. 11.
When the radio frequency carrier - selectively
fades the transmitted harmonic frequency will be
doubled and it will not pass through the filter
14f. The fundamental of the sub-carrier will
simultaneously: be doubled and it will be passed
by the filter (41 and will pass to the recorder in
a way that will be understood from the previous
description of Fig. 2.

The conversion of the frequency modulatlon
into amplitude modulations can obviously be ac-
complished by means other than low or high pass
filters as other devices are known in the art.

The foregoing description has been given as an
example of the devices that will produce desired

25
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Fig. 3 but the latter is preferable because it uti-
lizes the entire input transformer for each half .
of the wave and the input impedance of the rec-
tifilers is therefore identical. Various other
modifications may be made without departing
from the spirit of our invention.

Having described our inventxon, what we clann
is:

1. In reception of a radio carrier wave con-
taining a modulating frequency, a receiver for
said radio carrier wave, a frequency doubler, a
filter for passing the fundamental of the modu-

‘lation frequency to said frequency doubler, a

second filter for passing a harmonic of the mod-
ulation.frequency formed by fading of the radio
carrier wave, a gas tube having a cathode, an
anode and a control electrode, a second gas tube
having a cathode, an anode and & control elec-
trode, means for firing one gas tube and for ex-
tinguishing the other when the fundamental fre-
‘quency rises to a predetermined value, a signal
indicator and means for forming a closed. cir-
cuit between the frequency doubler and the indi-
cator, and an open circuit between the second:
filter and the indicator when the one gas tube is

fired and the other is extinguished.

2. In reception of a radio carrier wave contam-
ing a modulation frequency, a receiver for said -
radio carrier wave, a frequency doubler, a filter for
passing the fundamental of the modulation fre-
quency to said frequency doubler, & second filter
for passing a harmonic of the modulation fre-

_quency formed by fading of the radio carrier

wave, & gas tube having a cathode, an anode and
a control electrode, a second gas tube having a
cathode, an anode and a control electrode, means
for firing the one gas tube and for extinguishing -

_the other when the fundamental frequency falls

40

results but the invention is not limifed thereto.

Appropriate low and high pass or band pass fil-
ters may be connected in various parts of the
_circuits to exclude undesired frequencies. These
- are well known in the art and to illustrate them
“or other well known devices in every conceivable
place in the circuit would unduly complicate the
disclosure. While it is preferable to use band
pass filters in the places indicated, it is permissi-

ble to use low and high pass filters instead.
A simple double rectifier may be substituted
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to a wedetermined value, a signal indicator and
means for forming a closed circuit between: the
second filter and the indicator, and an open cir-
cuit between the frequency doubler and the in-
dicator when the one gas tube is fired and the
other is extinguished,

3. In reception of a radio carrier wave contain-
ing a modulation frequency, a receiver for said
radio carrier wave, & filter for passing the funda-
mental of the modulation frequency, a frequency
doubler connected to said filter, a second filter
for passing the fundamentdl modulation fre-
quency formed by fading of the radio carrier wave,
an amplifier tube connected to the frequency
doubler having a cathode, an anode and a con-
trol electrode, a second amplifier tube connected
to the second filter having a cathode, an anode
and & control electrode, a gas tube having a..
cathode, an anode and a control electrode, a sec-
ond gas tube having a cathode, an anode and a
control electrode, a source of voltage normally
biasing the control electrode below firing value.
in the second gas tube, means for applying anode
voltage to the first amplifier tube when anode
current flows in the second gas tube, means for
applying anode voltage to the second amplifier
tube when anode .current flows in the first gas

tube, and means for raising the control electrode

voltage above firing value in the second gas tube
when the fundamental frequency passing the first

" filter rises above a predetermined value.

for the bridge rectifier shown 1n the limiter of 7.)

4. 1In reception of a radio carrier wave contain-
ing a meodulation frequency, a receiver for sald
radio carrier wave, a fllter for passing the funda-
mental of the modulation frequency, a frequency
doubler connected to said filter, a second fllter for
passing the fundamental modulation frequency
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formed by fading of the radio carrler wave,
an amplifier tube connected to the frequency
- doubler having a cathede, an anode and a con-
trol electrode, a second amplifier tube connected
to the second filter having a cathode, an ancde
and . a control electrode, a gas tube having a
cathode, an anode and a control - electrode; a
second gas tube having a cathode, an anode and
a control electrode, a source of voltage normally
biasing the control electrode below firing value
. in the second gas tube, means for applying anode
voltage to the first amplifier tube when anode
current flows in the second gas tube, means for
applying anode voltage to the second amplifier
tube when anode current flows in the -first gag
tube, and means for raising the control electrode
voltage above firing value in the first gas tube

when the fundamental frequency passing the first

" filter falls below a predetermined value.

5. In reception of a radio carrier wave contain-
ing & modulation frequency, a receiver for said
radio carrier wave, a filter for passing the funda-
mental of the modulation frequency, a frequency
doubler connected to said fliter, a second flter
for passing the fundamental modulation fre-
quency formed by fading of the radio carrier wave,
an amplifier tube connected to the frequency
doubler having a cathode, an anode and & control
electrode, a second amniplifier tube connected to
the second filter having a cathode, an anode and

an anode and a control electrode, 8 second gas
tube having a cathode, an anode and & control
electrode, a source of voltage normalily biasing the
- control electrode below firing value in the second

' gas tube, means for blocking the contrel electrode
of the first amplifier tube when anode current
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for passing the fundamental ‘modulation fre-
quency formed by fading of the radio carrier
wave, an amplifier tube connected to the fre-
quency doubler having a cathode, an anode and
& control electrode, a second amplifier. tube con-

- nected to the second filter having a cathode, an

anode and a control electrode, a gas tube having
a cathode, an anode and a control electrode, a

. second gas tube having a cathode, an anode and
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& control electrode, a source of voltage normally
biasing the control electrode below firing value
in the second gas tube, means for applying anode
voltage to the first amplifier tube and for blocking

- the control electrode of the second amplifier tube

when anode current flows in the second gas tube,
means for applying anode voltage in the second
amplifier tube and for blocking the control elec-
trode of the first amplifier tube when anode cur-
rent flows in the first gas tube, and méans for

raiging the control electrode voltage above firing =

value In the second gas tube when the funda-
mental frequency passing the first filter rises

above a predetermined value.

8. In reception of a radio carrier wave con-
taining & modulation frequency, & receiver for

sald radio carrier wave, a fllter for passing the

' fundamental of the modulation frequency, & fre-

30
a control electrode, a gas tube having a cathode, -
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flows in the first gas tube, means for blocking -

the control electrode of the second amplifier itube

when anode current flows in the second gas tube, "

and means for raising the conirol electrode volt-

- age above firing value in the second gas tube

"+ when the fundamental frequency passing the first

filter rises above a predetermined value.

. 6. In reception of a radio carrier wave contain.
ing a modulation frequency, a receiver for said
radio carrier wave g filter for passing the funda-
mental of the modulation frequency, a frequency
doubler connected to said filter, a second fllter for

. passing the fundamentai modulation frequency
formed. by fading of the radio carrier wave,
an amplifier tube connected to the frequency
doubler having a ¢athode, an anode and a control
elecirode, & second amplifier: tube connected to
the second filter having & cathode, an anode and
& control eiectrode, a gas tube having a cathode,
an anode and a control electrode, a second gas
tube having a cathode, an anode and a control
electrode, & source of voltage normally bissing
the control electrode below firing value in the
gecond gas tube, means for blocking the control

electrode of the first amplifier tube when snode’

current flows in the first gas tube, means for
. blocking the control electrode of the second am-
plifier tube when anode current flows in the sec-
ond gas tube, and means for raising the control
electrode  voltage above firing value in the first
. gas tube when the fundamental frequiency pass-
ing the first filter falls below a predetermined
value.
7. In reception of 8 radio carrier wave cOome
--taining a modulated frequency, a recelver for said
radio carrier wave, & filter for passing the funda-
mental of the modulation frequency, & frequency

douhler connected to sald fAlter, a second ﬂl;er
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quency doubler connected to said filter, a second
filter for passing the fundamental modulation
frequency formed by fa of the radio carrier
wave, an amplifier tube connected to the fre-
quency doubler having a cathode, an anode and a
control electrode, a second amplifier tube con-
nected to the second fllter having a cathode, an

-anode and a control electrode, a gas tube having

a cathode, an anode and & control électrode, a

second gas tube having a cathode,.an anode and

& control electrode, a source of voltage normally

biasing the control electrode below firing value
in the second gas tube, means for applying anode -
voltage to the first amplifier tube and for blocking
the control electrode of the second amplifier tube
when ancde current flows in the second gas tube,
means for applying anode voltage to the second
amplifier tube and for blocking the control elec-
trode of the first amplifier tube when anode cur-
rent flows in the first gas tube, and means for

- raising the control electrode voltage above firing
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value in the first ges tube when the fundamental
frequency passing the first fliter falls below &
predetermined value.

-9. In reception of a radio carrier wave con-
taining & modulation frequency, a receiver for
sald radio carrier wave, a filter for passing the
fundamental of the modulation frequency, a fre-

- quency doubler connected fo said filter, a second

filter for passing the fundemental modulation
frequency formed by.fading of the radio carrier
wave, an amplifier tube connected to the fre-
quency doubler having a cathode, an anode and &
control electrode, a second amplifier tube con-
nected to the second filter having a cathode, an
anode and a control electrode, a gas tube havlng

- & cathode, an anode and a control ‘electrode, &

a6

second gas tube having a cathode, an anode and a
control electrode, & source of voltage normally
biaging the control electrode below firing value in

‘the second gas tube, means for applying anode
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voltage to the first ampuﬂer tube when anode
current flows in the second gas tube, means for

‘applying anode voltage in the second amplifier

tube when anode current flows in the first gas
tube, means for raising the control electrode volt-
age above firing value in the second gas tube
when the funda.menm fmuency passing the



first filter rises above a predetermined value,
a commutating condenser connected from.a point
in the anode circuit of one gas tube to a point in
the anode circuit of the other gas tube for ex-
tinguishing one tube when the other one fires.
. 10. In reception of a radio carrier wave con-
taining a ‘modulation frequency, a receiver for
said radio carrier wave, a filter for passing the
tundamental of the modulation frequency, a fre-
quency doubler connected to said filter, a second
" filter for: passing the fundamental modulation
frequency formed by fading of the radio carrier
‘wave, an amplifier tube connected to the fre-
quency doubler having a cathode, an anode and
a control electrode, a second amplifier tube con-
nected to the second filter having a cathode, an
anode and a control electrode; a gas tube having
a cathode, an anode and a control electrode, a
~ second gas tube having a cathode, an anode and
a control electrode, a source of voltage normally
biasing the control electrode below firing value
in the second gas tube, means for applying anode
voltage to the first amplifier tube when anode cur-
rent flows in the second gas tube, means for ap-
plying anode voltage to the second amplifier tube
when anode current flows in the first gas tube,
means for raising the control electrode voltage
above firing value in the first gas tube when the
fundamental frequency passing the -first filter
falls below & predetermined value,~and.a com-
mutating. condenser. connected from a point in
the anode circuit of one gas tube to & point in
-the anode circuit of the other gas tube for ex-
tinguishing one tube when the other one fires.
11, In reception of a radio carrier wave con-
taining a modulation frequency, a receiver for
said radio carrier wave, a filter for passing the
‘fundamental of the modulation frequency, & fre-
quency doubler connected to said filter, a second
filter for passing the fundamental modulation
frequency formed by fading of the radio carrier
wave, an amplifier tube connected to the fre-
quency doubler having a cathode, an anode and
& control electrode, a second amplifier tube con-
nected to the second filter having a cathode, an

. anode and a control electrode, & gas tube. hav-
ing a cathode, an anode and & control electrode,
a second gas tube having a cathode, an anode
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“and ‘a control electrode, a source of voltage nor- -

mally biasing the control electrode below firing
value in the second gas tube, means for blocking
the control electrode of the first amplifier tube
when anode current flows in the first gas tube,
means for blocking the control electrode of the
second amplifier tube when anode current fiows
in the second gas tube, means for raising the
control electrode voltage above firing value in
the second gas. tube when the fundamental fre-
quency passing the first filter rises above a pre-
determined value, and & commutating condenser
connected from a point in the anode circuit of
one gas tube to a point in the anode circuit of
the other gas tube for extinguishing one tube
when the other one fires. ,

12. In reception of & radio carrier wave con-
taining a modulation: frequency, & recelver for
said radio carrier wave, o flter for pessing the
fundamental of the modulation frequency, & fre-
quency doubler connected to sald filter, & sec-
ond filter for passing the fundamental modula-
tion frequency formed by fading. of the radlo
carrier wave, an amplifier fube ¢ nnecied to the
frequency doubler hoving & cathode, 81 anode
and a control electrode, & second pmplifier tube
- gonnected to the segond fAlter having a,lcathode.
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an anode and a control electrode, a gas tube hav- .
ing a cathode, an anode and a control electrode,
a second gas tube having a cathode, an anode and
a control electrode, a source of voltage normally
biasing the control electrode below firing value
in the second gas tube, means'for blocking the
control electrode of the first amplifier tube when
anode current flows in the first gas tube, rmeans
for blocking the control electrode of the second
amplifier tube when anode current flows in the
second gas tube, means for raising the control
electrode voltage above firing value in the first
gas tube when the fundamental frequency pass-
ing the first filter falls below a predetermined
value, and .a commutating condenser. connected
from a point in the anode circuit of one gas tube
to a point in the anode circuit of the other gas
tube for extinguishing one tube when the other
one fires. ‘

13. Inreception of a radio carrier wave contain-
ing a modulation frequency, a receiver for said
radio carrier wave, a filter for passing the funda-
mental of the modulation frequency, a frequency °
doubler connected to said filter, a second filter
for passing the fundamental modulation fre-
quenicy formed by fading of the radio carrier
wave, an amplifier tube connected to the fre-
quency doubler having a cathode, an anode and
a control electrode, a second amplifier tube con-
nected ‘to the second filter having a cathode, an
anode and a control electrode, a gas tube having
a cathode, an anode and & control electrode, a
second gas tube having a cathode, an anode and’
a control electrode, a source of voltage normally

‘biesing the control electrode below firing value

in the second gas tube, means for applying anode
voltage to the first amplifier tube and for block-
ing the control electrode of the second amplifier
tube when anode current flows in the second gas
tube, means for applying anode voliage to the
second amplifier tube and for blocking the con-
trol electrode of the first amplifier tube when
anode current flows in the first gas tube, means
for raising-the.control electrode voltage above
firing value in the second gas. tube when. the -
fundamental frequency passing the first filter
rises above a predetermined value, and a com--
mutating condenser connected from a point. in
the anode circuit of one gas tube to a point. in
the anode circult of the other.gas tube for ex-
tinguishing one tube when thé other one fires.

14. In reception of a radic carrier wave con-
taining & modulation freguency, a receiver for
said radio carrier wave, & filter for passing the
fundamental of the modulation frequency, & fre-
quency doubler connected to said filter, a second
filter for passing the fundamental modulation
frequency formed by fading of the radio carrier
wave, an amplifier tube connected to the fre-
quericy doubler having & cathode, an anode and
a control electrode, 8 second amplifier tube con-
nected to the second filter having a cathode, an
anocde and & control electrode, & gas tube having
2 cathode, an anode and & control electrode, a
second gas tube having a cathode, an anode and
& control electrode, a source of voltage normally
biaging the control electrode below firing value -~
in the second gas tube, means for applying anode
voltage to the first amplifier tube and for block-
ing the control electrode of the gecond amplifier
tube when anode curreni fiows in the second
gas tube, means for applying snode voltage to
the second amplifier tube and for blocking the
control electrode of the first amplifier tube when
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anode current flows in the first gas tube, means
for raising the control electrode voltage above

firing velue in the first gas tube when the funda--

mental frequency passing the first filter falis
below a. predetermined value, and a commutat-
ing condenser connected from & point in the
anode circuit of one gas tube to a point in the
anode circuit of the other gas tube for extinguish-
ing one tube when the other one fires.

15. In a signal system employing a radio car-
rier wave containing a modulation frequency, a

. receiver for said radio carrier wave, means for

separating the fundamental component of the
modulation frequency from a harmonic compo-
nent thereof, a signal indicator, and means for
effectively switching the indicator from one com-
ponent to the other responsive to a change in
the amplitude of one of said components to a
predetermined value due to reduction of selective
fading of the received carrier wave.

16. In a signal system employing a radio car-
rier wave containing a modulation frequency, a
receiver for said radio carrier wave, means for
. separating the fundamental component of the
modulation frequency from a harmonic compo-
nent thereof, a signal indicator, and means for
effectively switching the indicator from said
fundamental frequency to the harmonic fre-
quency responsive to a reduction in the ampli-
tude of the fundamental frequency to a prede-
termined value due to selective fading of the re-
ceived carrier wave and for switching the indi-
cator from the harmonic frequency to the funda-
mental frequency responsive to an increase in
amplitude of the fundamental frequency to a
predetérmined value due to reduction in said
selective fading. )

17. In a signal system employing a radio car-
rier wave containing a modulation frequency, a
receiver for said radio carrier wave, means for

- separating the fundamental of the modulation
frequency from s harmonic thereof, means for
increasing sald fundamental frequency to equal
said harmonic frequency, a signal indicator, and
means for effectively switching the indicator
from sald increased frequency to sald harmonic
. frequency responsive to a reduction in the ampli-
tude of the fundamental frequency to a prede-
termined value due to selective fading of the re-
ceived carrier wave. . ‘

18. In & signal system employing a radio car-
rier wave containing a modulation frequency, a
receiver for said radio carrier wave, means for

“separating the fundamental of the modulation
frequency from a harmonic thereof, means for
increasing said fundamentsal frequency to equai
said harmonic frequency, a signal indicator, and

. means for effectively switching the indicator
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from said harmonic frequency to said increased
frequency responsive to an increase in amplitude
of the fundamental frequency tc a predeter-
mined value due to the decrease in selective fad-

- Ing of the received carrier wave,

19. In a signal system employing a radio car-
rier wave contairing a modulation frequency, &
receiver for said radio carrier wave, means for
separating the fundamental- of the modulation
frequency from a  harmonic thereof, means for
increasing said fundamental frequency to equal
said harmonic frequency, a limiter, a signal indi-
cator connected to said limiter, and means for
effectively switching the limiter from said In-
creased frequency to said harmonic frequency
responsive to a reduction in the amplitude of the
fundamental frequency to a predetermined value

" due to selective fading of the received carrier
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wave,

20. In a signal system employing a radio car-
rier wave containing & modulation frequency, &
receiver for said radio carrier wave, means for
separating the fundamental of the modulation
frequency from a harmonic thereof, means for
increasing said fundamental frequency to equal -
said harmonic frequency, a signal indicator, and’
means for effectively switching the indicator

- from said increased frequency to the harmonic
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frequency responsive to a reduction in the am-
plitude of the fundamental frequency to a pre-
determined value due to selective fading of the
received carrier wave and for switching the in-
dicator from the harmonic frequency to the in-

creased frequency responsive to an increase in
amplitude of the fundamental frequency to &
predetermined value due to the decrease in se-
lective fading of the received carrier wave.

21. In a signal system employing a radic car-
rier wave containing a modulation frequency, a
receiver for said radio carrier wave, means for
separating the fundamental of the modulation
frequency from a harmonic thereof, means for
increasing said fundamental frequency to equal

_said harmonic frequency, a limiter, a signal in-
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dicator connected to sald limiter, and means for
effectively switching the lmiter from said in-
creased frequency to the harmonic frequency
responsive to a reduction in the amplitude of
the  fundamental frequency to a predetermined
value due to selective fading of the received car-
rier wave and for switching the limiter from the
harmonic frequency to the increased frequency
responsive to an increase in amplitude of the
fundamental frequency to & predetermined value
due to the decrease in selective fading of the re-
ceived carrier wave, _ .
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