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My present invention relates generally to tun-

ing aids for frequency modulation receivers, and:.

more particularly to a novel and improved device

for enabling a listener: accurately to-.tune-his:.

receiver.

One of the main objects of this invention is to:

provide a novel arrangement for visually indi-
cating .in> a (frequency modulation receiver of

the locked-in oscillator type whether or not fre-
quency modulation (FM) signals are being re- :

ceived, and whether or not the receiver is ac-
curately tuned:to resonance with the center, or
mid-channel, frequency of the desired FM 'sta-

tion. In accordance with one aspect of theinven=:
tion there is provided a visual indicator tube of.

the dual shadow type.One of the shadows hasits

angle or area controlled in accordance with the .

frequency of the locked-in oscillations, while the:

second shadow has its angle controlled .in: re=

sponse to the magnitude of the received FM sig~ ¢
In this way, observation of the dual shadow -

nal.
informs the listener whether FM signals are bes
ing received, and whether the receiver is ac-
curately in tune.

Another important object of my present inven-..:
tion is to provide a novel method of preventing .
spurious detection along.the slopes of the FM:-
detection characteristic at frequencies below or:’
above the peak: response frequencies of the de~:
Such method positively -
prevents the impression upon the detector: input::
terminals of any frequency-variable energy out- -

tection characteristic.

side of a restricted frequency range, such re-

stricted frequency range being substantially less:
than the frequency difference between the peak :

response frequencies of the detector character-
istic.
spot” tuning.system ‘for receiving FM signals
wherein a frequency -change-responsive detec-

tor with opposite peak output response frequen=:

My invention further provides :a “one--

cies .centered about.the FM .carrier frequency is::

preceded by a locked-in oscillator, or other net- .

work, of such freqguency resvonse characteristic -

that its pass hand.is cenfered on:said:FM:carrier

frequency and:is:-completely within: and of neg- -
ligible amplitude at and beyond the aforemens:-
tioned opposite detector peak:response-freguen- -

cies.:

Another object' of this invention is to . provide :
in-an FM receiver-ofithe type-embodying a locksd-:
in oscillator, whose lock-in'range is substantially -

a0

less than-the frequency spacing between the neak :

frequencies of:ithe 'FM detector; a tuning:indi-.-
cator-tube which-has:a pair of -:electronic:shadows;:.
both:.shadows being:.of minimum angle ol area::

[
pl

o
s

when; the FM -sighals: impressed .on:the locked=in..
oscillator have a ‘center.frequency equal-to-the. -
predetermined operating: frequeney ;of such.os-...
cillator::: )

Still other objects of:my:invention-are to:im- -
prove generally the -efficiency and .simplieity-. of -
tuning indicators.for: FM receivers, and more-es-::
pecially to provide tuning aids.in:such.receivers.
in an’ economical:manner;

Other- objects  and:features..of.my invention
will best: be-understood- by reference-to:the-fol~-
lowing description, taken in.connection with the--
drawings; in . which’' I :have-indicated:.a :circuit
whereby my -invention: may .be: carried-into.ef-:..

2+ fect.

In~the -drawings, .-

Fig. 1 is a circuit: diagram: of .an.embodiment;.:
of ‘my invention;:

Figs. 2a, 2b, and 2c¢ show respective :appear- .
ances of ‘the indicator target: for different:condi- .-
tions of reception;::.

Fig. 3 shows -a - typical FM:detection charac- -
teristic; and

Fig. 4 is .a -circuit--diagram of: a modification-
of my invention.:

In-Fig: 1 I have shown-a receiver: circuit-em- -
bodying my-invention:and including a:locked-in. :
oscillator- ‘acting as:a -frequency divider:of -FM:
signals.:- Such circuit-is generally of the type-dis-: .
closed by G.* L, .Beersin rhis U. S.-Patent No.:
2,356.201, granted August 22, 1944, More sSpeci-
fically, the lockedsin oscillator -circuit. shown is
that-disclosed- by M:C. Corrington:in-his ap---
plication Serial No; 596,474, filed May::29, 1945.-

The -locked-in :oscillator- functions:::concurrently.

to. reduce; or: divide, the-mean:frequency.of the
applied FM signal. waves, -and. . proportionately: -
to reduce the-extent rof: frequency:- deviation: of.:
the waves. . It will be-described- herein: by way: ™

. of - example: ~as- dividingthe- intermediate-fre=-

quency byia factor.of.4.: Assuming that the-FM:’
receiver-is of the superheterodyne type, and that:’
the networks. prior -to-theg locked-in oscillator -
tube are conventional:in nature;the-transformer--
£3 will have its primary:circuit: (4 and it seec=-
ondary; circuit.- 15 ‘each tuned- to-the: operating
intermediate :frequency (I. F.) of the system:- I
have assumed an I. F.value of-10.7 megacycles,:
but: may:use:any’ other -suitable :intermediate
frequency.-:

The received FM waves may:be those:which are -
transmitted in:the present-assigned FM band of .
42 t0 .50 ‘megacycles(me.)., or..they may-be in:
the:recently -assigned:88:to: 108 mc.:range.: The:

5. invention:isnot-limited- to:any:particular: fres:.
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quency hand or to the reception of FM waves,
since it is generally applicable to angle modu-
lated carrier waves. Those skilled in the art of
radio communication are fully aware of the fact
that in each channel the FM waves transmitted in
the aforementioned assigned FM band are pres-
ently allotted a maximum frequency swing. of
150 ke. (kilocycles). That is, a maximum devi-
ation of #+ 75 ke. in respect to the mean, or cen-
ter, frequency. The frequency deviation at any
instant is dependent upon the amplitude of the
‘modulation signals at the fransmitter, while the
time for a cycle of the frequency deviation is
equal to the period of the modulating signal per
se. It is to be understood that my invention is
not limited to the specific locked-in oscillators
shown in the Beers patent and Corrington appli-
cation.

The collected FM waves are usually selected
in one or more stages of tunable radio frequency
amplification, after which they are combined with
locally-produced oscillations at the first detector
network. The output of the first detector, or
converter, is the I. F. (intermediate frequency)
energy. In other words, the I.-F. energy is the
FM wave whose mean frequency has been reduced
to a much lower frequency, but whose frequency
deviation is unchanged. After amplification by
one or more stages of I. . amplification, the I. F.
energy is applied to the locked-in oscillator for
concurrent frequency division and reduction of
the frequency deviation.

The FM signal energy, with its mean frequency
at the’'operating I. F. value, is applied to the input
grid 2 of tube {. The latter may be, for example,
a miniature tube of the pentagrid type. The
input grid 2 is connected to the high alternat-
ing potential side of the secondary eircuit 15. The
low potential side of circuit 15 is returned to the
grounded cathode 8 through resistor R: shunted
by condenser Cs, the latter comprising a network
designated by the numeral 16. The function of
the network 16 is to provide voltage across the
resistor element Ri, In response to grid current
flow through the signal input grid circuit.. Such
grid voltage developed across the resistor R1 may
be utilized for aufomatic volume control (AVC).
The AVC voltage is employed automatically to
bias the control grids of the preceding amplifier
tubes in a° manner well known fo those skilled
in the art.

The plate circuit § in Fig. 1 has an operating
band width of between 50 and. 65 kc. while the
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across the plate circuit 5 is modulated in strict
accordance with the originally received FM sig-
nals save that the mean frequency and extent
of frequency deviation have been proportion-
ately reduced, the output of the locked-in oscil-
lator may now be subjected to suitable freguency
discrimination and rectification to reproduce the
signals.

Further considering the specific censtruction
and operation of the locked-in oscillator circuit,
the oscillator grid § of tube ! is connected by lead
8’ to the high alternating potential side of tickier
coil Li. The lower end of the coil is connected
to zround through the parallel-connected combi-
nation of resistor Rs and condenser Cw. Con-
denser Cz shunts the tickler coil Iu. The grid
circuit 5’ may be resonant to any frequency with~
in a considerable range, and the capacity of Ca
is therefore not critical. In a practical circuit,
the resonant frequency of LiCe: can be of the
order of double the frequency of the tank cir-
cuit 5.

The screen grid 22 of tube | is connected to a

. source of positive potential +8S, say 80 volis,
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mean frequency of the output voltage of the -

locked-in oscillator has a value of one-fourth
of 10.7 me., i. e. 2875 kec. - This is appropriate
since the effect of the locked-in oscillator net-
work has been to divide the mean frequency of the
M wave energy by a factor of 4, and the overall
frequency deviation range has, also been divided
by the same factor. The pass band width should
be sufficiently above 37.5 ke. to provide suitable
operating tolerances. Purther, the plate current
is substantially constant regardless of amphuude
variations at the signal input grid.

‘The advantages of frequency division at- this
point of the FM receiving system have been ex-
plained in the Beers patent. The extension of
the lock-in range of the oscillator accomplished
by the circuit employed herein, and shown in the
aforesaid. Corrington application, eriables recep-
tion of waves which are frequently modulated
over a wider range, and guards against distortion
which might otherwise occur by reason of “break-
out”. effect. .

Since. the wave energy developed -

40
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‘and is bypassed to ground for I. ¥. curents by con-

denser Ci. Ths plate 4 of tube § is connected o
the +B terminal, say at +90 volts, threugh the.
resonant circuit 5. The resonant.tank circuit
5, tuned in the present illustration of my inven-
tion to 2675 kc7, consists of the parallel-connected
combination of coil Le, resistor Rs and condenser
Cs. The resistor element may be made variable,
as indicated by the arrow. Coils L1 and Lo are
magnetically coupled to provide the proper
amount of regenerative feedback in order con-
tinuously to produce oscillations at the desired
frequency division ratio. Condenser Cs bypasses
the low end of 1e51stor R4 to ground for the oscil-
lator current.

The auxiliary resonant network, concerning
which reference may be made to the Corrington
application for 2 more complete description, is
designated %’’, and consists of the parallel-con-
nected combination of condenser Cs, resistor Ra
and coil L3, The coil Iz is magnetically coupled
to the plate coil Le, and this coupling is indicated
by the dashed arrow through both coils. The
resistor Rz is' preferably variable, as indicated.
The degree of coupling between coils Lz and Lz
predominantly determines the extent of the lock-
in range of the oscillator. There are other fac-
tors which influence the lock-in range, but these
factors are minor compared to the coupling be«
tween the aforesaid coils.

The auxiliary resonant network 5’ is tuned to
the same resonant frequency as the plate circuit
5. Por maximum lock-in range the auxiliary
coupled circuit ¥’ is slightly overcoupled (closer
than critical coupling) with respect to tank cir-
cuit 5. - It has been found possible o secure a
lock-in range, through all prior radio irequency
and I. F. selectivity, of =130 kc. or more in terms
of the input to the locked-in oseciliator.

‘Turning now to the FM detector D, I utilize
a discriminator circuit, which may be of suitable
known type, e. g., that shown in U, S, patent to
S. W. Seeley, No. 2,121,103, granted June 21, 1938,
or to J. D. Reid, 2,341,240 granted February 8,
1944. The high potential side of plate circuit 5 is
coupled to the detector by condenser Cs. In Fig.
3 I have depicted a typical detection character-
istic for the detector schematically shown in Fig.
1. The frequencies F1 and Fa denote the de-
tector input frequencies which give opposite peak
direct current response. ' The resultant:instan-
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taneous output veltage of the detector is zero at
the frequency¥e. It is highlydesirable, of course,
that the curve he highly finear between the peak
response, or ioutput frequencies. “The :detector
circuit used in Pig. 1 should possess:such a.char-
acteristic.,

‘From Fig. 3 it can ‘be seen that there is .a dis-
tinct advantage in wsing -a locked-in oscillator
‘1o feed :an FM :detector .cf the sloping filter type
so far as prevention of :so-called “three-spot”
tuning dis:concerned. Asis well known FM detec-
4ion:can soccur, in the :absence of a signal-swing
restraining device, on the outer slopes of the
peaks Prand P, i. e, at a frequency below Fi or
-above . Such detection produces distortion in
the audic cutput system P, and is also very con-
fusing to the listener in tuning an FM receiver.
In my arrangement, the locked-in oscillator sys-
tem functions positively to maintain the ‘signal
deviations with a range of approximately +25 to
+325 ke, indicated by points z and vy, Pig. 3,
of the detection characteristic, thereby automati-
cally providing “single spot” tuning. With such
an overall lock-in range (z, ¥) of 50to 65 kc., the
maximum deviations of the FM signal applied
to detector D cannot reach the response peaks F1
-and Fz which I prefer to have 100 to 130 kc. apart.

A restricted lock-in range prevents detection
beyond the peaks F1 and F2, because the locked-in
oscillator will follow the frequency -deviations of
the I. F. signal energy only as long as they are
within the lock-in range. When the I. P. voltage
applied to the locked-in osc¢illator is at some fre-
quency below or above the lock-in range, the os-
cillator, instead of following that frequency, de-
velops “break-out.” That is, the oscillator snaps
back to nearly its own center frequency. (There
is some shift of the center frequency even in ‘the
absence of lock-in.) The FM detector gets its

alternating current energy only from the locked-

in oscillator. Since the locked-in oscillator sup-
plies output energy either at its center fre-
quency or:at frequencies ‘corresponding to one-
fourth of the I. F. value within its lock-in range,

all of the alternating .current energy applied ‘to ¥

the F. M. detector will fall ‘well within the fre-
quency range’included befween F1 and F2. When
the receiver is detuned so that the 1. F. energy is
of such frequency ‘that one-fourth of it falls be-

yond points 1 and Fe, the alternating .current

energy fed to the FM detector will be at the cen-
ter frequency:of the locked-in oscillator, since the
oscillator does not lock-in with 1. F. energy so far
removed from the normal operating value.

It may be pointed out that a network or pass-
band 46 ‘having indefinite impedance rejection
characteristics stuch as to give zero response at
frequencies F1 and F2 may be used, .in place of the
locked-in oscillator, between network 13 and the
detector D as shown in Fig, 4. Here, again, the
detector outbut would be zero below and above
the lower and upper response peaks -F: and Fo
respectively. For example, there -may be sub-
stituted for box 40 of Fig. 4 the infinite impeédance
rejection network described by G. Mountjoy ‘in
U. 8. Patent No. 2,137,475, granted November 22,
1938. Undesirable spurious responses beyond
peaks F1 and F: are, accordingly, readily pre-
vented by restraining the signgl deviation at the
detector input terminals to prescribed limits (as
z'and ¥) well within the peaks F1 and ¥,

In an FM set, it is further desirable to indicate
visually whether the receiver is tuned to one side
of Fe, the degree.of detuning from Fe, and whether
or ‘not ‘signals-are actually being received. “These
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conditions are readily visually indicated by my
inventien. In general, I utilize AVC voltage to
indicate ‘whether .or not FM signals are being
received, while T employ the frequency of the
Jocked-in oscillator output -energy to indicate the
condition of resonance of the receiver. By ob-
serving both indications the receiver operator is
enabled to tunethe receiver to the desirable mid-
frequency of the station channel.

‘The indications are provided by an -electronic
indicator tube of the dual shadow type. For ex-~
ample, there may be used the 6AF5 type of tube.
T have designated the indicator tube by reference
numeral 20. The tube 28 is schematically repre-
sented, since such tubes are well-known to those
skilled in the art of radio communication. The
dube 28 comprises the electron emission element,
or cathode, 21 which may be returned to the
ground —B terminal:of the direct.current source
tnot shown). The spaced electron ray control
zrads, or electrodes, A and B control the How .of
glectrons to respective adjacent areas of the
Hluorescenttanget 22,

‘Target 22 is-usually :an inverted frustum of a
cone, the flared .end being the viewing end. The
inner face of the target is.coated with Auorescent
‘material which .glows in response to electronic
‘bombardment from cathode 2f. The rods A and
B care usually located on opposite sides of the
cathodeand in alisnment therewith whereby they
may -cast “electronic shadows” on the target.
That is, ithe electrodes A and B are electron
-deflection rods.

The target 22 is connected to the 1B terminal
(say at -250 volts), while rods A and B are en-
ergized from different points of the receiver sys-
tem. Rod A s connected to the high potential
side of a resonant circuit 23 which is sharply
tuned to -the mean operating frequency of the
locked-in eseiflator. In other words, circuit 23
with:an 1. F. of 10.7 me. .and a frequency division
‘of & ds-sharply tuned to a frequency of 2675 kc.
The circult 28 is -magnetically and loosely -cou-
dled toplate circuit 5. "The low potential side of
-oircult 23 is connected preferably to a positive
veltage point ‘which may be chosen from a range
of zero-to:approximately 140 volts. It can, there-
{ore, be seen that normally the rod A is at a pos-
itive potential 'with respect to the grounded cath-
ode 2d.

“The rod B s varied in ‘voltage in response to
variations in magnitude of the AVC voltage de-
veloped ‘across resistor Ri. As shown, the rod B
is «connected to the plate 38 of the direct cur-
rent veltage amplifier tube 31. Tube 3i may be
@ tube -of the 6J5 type, and has its cathode 32
grounded. Plate 20 is connected to the B termi-
na! of the direct current source through a re-
sistor-83.  Accordingly, when the space curreni

g of tube & is at maximum the voltage drop across

resistor 83 is at maximum, and, therefore, the
rod B 'will be at minimum positive potential with
respect to-the highly pesitive target 22.

"The spaee .current flow of tube 31 is regulated
by the control grid 84 which is connecied through
the-alternating-eurrent filter resistor 5 and lead
26 %o the ungrounded end of resistor Ri The
‘bypass :condenser 35’ may be inserted to bypass
alternating current .components from the lead
38, It will now be seen that when FML signals
existin circuit 18 the.grid current flowing through
resistor ‘R1 will -develop a voltage which is neg-
ative with respect to ground. This negative volt-
‘ageis applied to -grid 34 with the result that the
‘space -current fowing through tube 81 is G-
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minished, thus causing the voltage drop across re-
sistor 3% to decrease. This means that rod B
approaches in potential the voltage of target 22.
Hence, rod B will deflect less and less electrons
from the adjacent target area as the FM signal
magnitude at circuit {5 approaches a maximum
value. Conversely, when there is no FM signal
at circuit 45 the grid 34 will have the same po-
tential as the grounded cathode 32, and the
rod B will have minimum positive potential rela-
tive to the highly positive target 22. This means
that the rod B will deflect sufficient electrons to
cause a shadow area on the adjacent surface of.
the target which is at maximum angular width.

So far as the action of rod A is concerned, that
electrode will have minimum deflection effect
on the electrons flowing in its vicinity towards
the target either in the absence of signals or
when the receiver is accurately tuned to mid-
channel frequency, since in either of such cases,
the locked-in oscillator delivers maximum out-
put at the frequency to which circuit 23 is tuned.
By choosing the correct value of positive bias
for rod A, the shadow angle caused by rod A can
be made to adjust to zero at the peak response
of the resonant pickup circuit 23, which corre-
sponds to correct tuning. That is; in the latter
condition the local oscillator of the receiver is
heterodyning the received FM carrier to the
middle of the I. F. channel and the operating
center frequency of the lock-in range of the
locked-in oscillator. Positive bias applied to rod
A, alsc, reduces the amount of radio frequency
power required frem . the pickup circuit coil to
reduce the corresponding shadow angle to zero.
| This permits looser coupling between circuit 23
and circuit 5, and, hence, provides sharper tun-
ing to peak response.

In Figs. 2a, 2b and 2¢ I have depicted the rela-
tive appearances of the shadow angles A’ and B’
for different voltage conditions of the deflection
voltages A and B respectively. Thus, each of
these figures shows the flared end of the fluores-
cent target 22, 'The shadow angles A’ and B’ are
produced by the respective rods A and B as the
effective voltages thereof vary. Pig. 2a¢ shows
the shadow angle B’ at maximum width when
no FM signal is being received, while the shadow
angle A’ is of minimum or zero width, because the
locked-in oscillator section is producing locked-
in oscillations at the center frequency Fe. This
means that maximum radis frequency voltage
iz applied to rod A thereby causing minimum
eleciron deflection. Minimum electron deflection
results from the fact that the rod A is effectively
at maximum positive potential with respect to
ihe target 22.

Referring to Fig. 2b the shadow angle A’ has
widened out, whereas shadow angle B’ is dim-
inished. This shows.the condition for reception
of M signals with the receiver partially detuned.
In that condition of off-resonance, the FM sig-
nal magnitude at circuit 8 is not at maximum.
Hence, the shadow angle B’ will have an inter-
mediate value, while the shadow angle A’ will be
enlarzed. This is due to the fact that the oscil-
lator tube { is locked to a center frequency differ-
ing from the resonant frequency resonant cir-
cwit 23, Hence, rod A will have reduced positive
peak potentials with respect to cathode 2I. The
magnitude of the oscillations provided by the
1ocked-in oscillator are not significantly less when
the receiver is off-tune. In fact, they might be
slightly more, or slightly less, depending on
whether the oscillator is being accelerated or
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decelerated by the I. F. energy. What actuates
ray control electrode A is resonant circuit 23,
which, being sharply tuned to the oscillator cen-
ter frequency, applies the maximum voltage o
rod A when the oscillator is operating in. the
center of its lock-in range. The said voltage drops
off rapidly in magnitude at frequencies removed
above or below the oscillator center frequency
(say by =10 ke.) due to the peaked amplitude-
frequency response characteristic of resonant
circuit 23. It will be noted that this occurs even
though the oscillator voltage remains about the
same.

In Fig. 2¢ both shadow areas A’ and B’ are sub-
stantially zerc thereby indicating the in-tune con-
dition of the locked-in oscillator, and maximum
FM signal being applied to circuit 15. It will,
therefore, be seen that tuning any desired station
becomes a question of adjusting the station se-
lector control until both shadow angles A’ and B’
are of minimum width, as shown in Fig. 2¢.

Tt iz to be clearly understocd that the tube 3i
need not be constrolled from the grid circuit of
the locked-in oscillator tube i, but, in general, the
zrid 34 may be varied in voltage from any point in
the receiving system which develops negative volt-
age whose magnitude is proportional to the mag-
nitude of the received FM signals. Furthermore,
where large variations in AVC voltage are en-
countered the tube 31 is preferably one of the re~
mote cut-off type. In conjunction with the AVC
voltage indication B’; shadow angle A’ may be re-
placed by an indication from the direct current
veitaze output of the FM detector. ) -

While I have indicated and described a syste
for carrying my invention into effect, it will be'ap-
parent to one skilled in the art that my invention
is by no means limited to the particular organiza-
tion shown and described, but that many medifi-
cations may be made without departing from the
scope of my invention.

What I claim is:

1, In combination with the locked-in oscillator
of g frequency modulation receiver, said oscillator
continuously producing oscillations of .a. prede-
termined center frequency in the absence of re-
ceived signals, an electronic indicator tube of the
dual shadow type, means responsive o variations
in center frequency of the lock-in oscillations for
controlling one of the shadow areas of said indi-
cator tube, and means responsive to the magnitude
of received. signals for controlling the second
shadow area of said indicator fube.

2. In combination with the locked-in oscillator
of & frequency modulation receiver, said osciliater
continuocusly producing oscillations of a prede-
termined center frequency in the absénce of re-
ceived signals, an elsctronic indicator tube of the
duz! shadow type, means responsive to varia-
tions in center frequency of the Iocked-in oscilla~
tions for controlling one of the shadow areas of
said indicator tube, means responsive fo the mag-
nitude of received signals for controlling the. sec-
ond shadow ares of said indicator tube, hoth of

5 said control means being so construcied and ar-

ranged that said two shadow areas are of mini=-
mum width when the center frequency of received
signals is equal to the predetermined center fre-
quency.of the locked-in oscillations. ’

3. In & receiver of angle modulgted carrier
waves of the type including a locked-in oscillator
having an input network upon which said carrier
waves are applied and an outpub network feeding
a detector whose characteristic is o sloping filter
with spaced response peaks substantially exceed-
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ing the lock-in range of said locked-in oscillator,
said oscillator producing oscillations of a prede-
termined center freguency in the absence of re-
ceived carrier waves, means responsive to the
jocked-in oscillator output network for indicating
correct oscillator center frequency, and additional
means responsive to the received angle modulated
carrier waves for indicating maximum carrier
magnitude.

4, In a receiver of angle modulated carrier
waves of the type including a locked-in oscillator
having an input network upon which said carrier
waves are applied, and an ocutput network feeding
a detector whose characteristic is a sloping filter
with spaced response peaks substantially exceed-
ing the lock-in range of said locked-in oscillator,
said oscillator producing oscillations of a prede-
termined center frequency in the absence of re-
ceived carrier waves, means responsive to the

locked-in oscillator cutput network for indicating

correct oscillator center frequency, additional
means responsive to the received angle modulated
carrier waves for indicating maximum carrier
magnitude, an electronic indicator tube of the
fluorescent target type, a pair of spaced electron
deflection rods, and said rods functioning as the
respective responsive means.

5. In combination, a source of frequency modu-
lation signals, a frequency modulation detector

having a sloping characteristic between a pair of

peak frequencies, said characteristic having a pre-
determined center frequency located at the middle
of said sloping characteristic, means responsive to
said source of frequency modulation signals for
positively restricting signal frequency deviations
at the detector input terminals to a frequency
range substantially less than the frequency range
between said peak frequencies whereby detection
beyond the limits of said peak frequencies is ef~-
fectively prevenied, and said responsive means
consisting of a locked-in oscillator.

8. In a one-spot tuning system for a frequency
modulation receiver, a frequency responsive de-
tector having a detection characteristic provided

with spaced response peak frequencies centered

about a predetermined center frequency, said peak
frequencies differing by substantially more than
the maximum modulation deviations of received
signals, a signal transmission nefwork preceding

said detector and having output terminals coupled

to the detector input terminals, said network hav-
ing a frequency response characteristic which is
centered on said center frequency, said response
characteristic being completely within, and of

negligible amplitude at and beyond, the afore- ;

said peak frequencies.
7. In a system as defined in claim 6, said signal
transmission work consisting of & locked-in oscil-
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lator, said oscillator having an input eircult upon
which the frequency modulation signals are ap~
plied, and said oscillator having a restricted lock-
in range equal to the band widih of said frequency
response characteristic. .

8. In a receiver of frequency modulated carrier
waves of the type including a locked~in oscillator
having an input network upon which carrier waves
are applied and an ocutput network, a detector
whose characteristic is a sloping filter with spaced
response peaks substantially exceeding the lock-in
range of said locked-in oseillator, said output net-
work being coupled to the detector, selective means
relatively loosely coupled to the locked-in oscil-
lator cutput network, means connected to the se-
lective means for indicating oscillator frequency
variations from a predeiermined normal fre-
quency, said oscillator normally producing oscilla-
tions of said normal frequencies in the absence of
received waves, and additional means responsive
to the received modulated carrier waves for indi-
cating maximum carrier magnitude.

9. In 3 receiver of frequency modulated carrier
waves of the type including a locked-in oscillator
having an input network upon which carrier waves
are applied and an outpui network, a detector
whose characteristic is a sloping filter with spaced
response peaks substantially exceeding the lock-in
range of said locked-in oscillator, said output net-
work being coupled to said detector, selective
means relatively loosely coupled to said locked-in
oscillator outwut network, said oscillator normally
producing oscillations of a predetermined normal
frequency in the absence of received waves, addi-
tional means responsive to the magnitude of the
received modulated carrier waves, and an elec-
tronic indicator tube of the fluorescent target type
provided with a pair of spaced electron deflection
rods, one of the rods being connected to said selec-
tive means for indicating oscillator frequency
variations from said predetermined normal fre-
auency, and the other rod being connected to said
additional means for indicating maximum carrier
magnitude,
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