2,423,225

R. S. CHAPIN

FREQUENCY SHIFT TELEGRAPH RECEIVER TUNING INDICATOR

July 1, 1947.

Filed Oct. 2, 1945

qm.rd.,.._. ,
u.m.,rﬁ.#.. |
mm.rdn._.: _H_
—
bzl
LIINS AINFAOTNS S
o/onNy &4 FICLTA

INAL SO

- +d
7z
42
@\Nﬁ.
wwv A
©

(@] s
[
()

——t— N8 oL Lnoawt
(/]

& ANTEIND SNIATN

. N 0L LOSN ON
l._u (2) L& FI6LT0N SNIATH

qH.r.r..

INVENTOR.

LeynvoLo S CHAPIN

WY

oT e

L T o B
mﬁ,.ni._._

(&) L&
FOLLTON OMIATY

prbel |

FNOL M

ZA

—{

&

Ve

ATTORNEY .

T JE1 H

Ao

) w " . . THT 4




Patented July 1, 1947

UNITED

2,423,225

STATES PATENT OFFICE

2,423,225

FREQUENCY SHIFT TELEGRAPH RECEIVER
TUNING INDICATOR:

Reynold S. Chapin, Flushing, N. ¥., assignor to
Press Wireless, Inc., New York, N. Y., a corpora-

tion of Delaware

Application October 9, 1945, Serial No. 621,262
(Cl. 1718—88)

9 Claims.

1

This invention relates to wave: signalling sys-
tems and more pdrticularly to improvements: in
signalling systems of the frequency-smft cate-
gory.

A principal object of the invenmon is to pro-
vide an improved tuning indicator arrangement
for use:in controlling the “in-tune” condition of
frequency shift telegraph apparatus and the like.

A feafure of the invention relates to a network
having the components so arranged and intercon-
nected to produce a frequency input versus gm-
plitude output characteristic having a plurality
of spaced parallel and linear sloped sections
which symmetrically cross the zero amplitude axis
or other minimum reference amplitude axis.

A further feature relates to a frequerncy dis-
crimingtor and electron tube network for use
with: frequency shifted carrier, wherein any out-
of-tune or undesired frequency-shift condition in
the system, results in pofential changes of sub-
stantially the same magnitude and sign at both
ends of the shift range. )

A further feature relates to a frequency- dis-
criminator and electron tube network for provid-
ing a saw tooth over-all relation between input
frequency and output current.

A still further feature relates to the novel or-
ganization, arrangement and relative intercon-
nection of parts which cooperate to provide an
improved tuning control circuit for carrier fre-
quency-shift receiving systems.

Other features and advantages not particular-
ly enumerated will be apparent after a considera-
tion of the following detailed descriptions and
" the appended claims.

In the drawing which represents one pre-
ferred embodiment,

Fig. 1 shows in schematic form a frequericy-
shift control and tuning indicator arrangement
embodying the inventive features.

Figs. 1o to 1d are curves explanatory of the

operation of Fig: I in the in-tune condition.
Figs. 20 to 2d are curves explanatory: of the
operation of Fig. T in the off-tune condition.

Figs. 3a to-3d are curves showing the relation -

between input frequeticy and output amplitude of
the discriminator and e’lectron tube network of
Fig. 1.

When signalling is effected by frequency shift-
ing of a radio carrier, the radiated wave, in the
case of teélegraph transmission, consists of a
marking frequency and a spacing frequency,
‘WHhen such systems are provided with automatic
frequency control or tuning indicators to keep the
apparatus i the in-tune condition, separate con-
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trol channels:usually regulated by respective: po-
tentiometers are required. for the two conditions
corresponding respectively' to mark and space.
This has been necessary because of the-frequency
versus voltage characteristic of the usual dis«
criminators. The. conventienal diseriminators
have only a single crossover with the zero output
axis, regardless of whether thie system is in-tune
or out-of-tune, and this crossover point: corre-
sponds te the mean frequency of the limits: be-
tween which the carrier is: shifted for mark and
space. When the mean frequency of the carrier
drifts; or when: the reeeiving apparatus is ndt
properly tuned to-the mean frequency, these con-
ditions are manifested by & change in detected
oubtput. Witk respect to the reference potential
axis, the detected output will increase during one
of the keying signals and decrease: during the
other keying signal for a condition of mistuning.
The ¢hange in detected outpuf for detuning isithe
same Tor both detected signals. The direction of
detuning will determine whether both signals be-
come more: positive: (lgss negative in the case of
the detected: signal’ which' is negative) or'both
sigrials become more fiegative (less'positive in the
case of the detected sighal which is positive).
The poteritial differerice: between the mark and
space detected signals remains constant’ for-any
condition of tuning over the linear position of the
discriminator characteristic. ~ Since the - trars-
mitted wave tiay rest in either mark or space:con-
dition for indefinite time intervals, any. tuning
indicator or automatic frequency control device
must. respond equally to eithler condition, -

T have disclosed in my prior application Serial
No. 615,838, filed September 12}1945, a. frequency
diseriminator and detector arrangement having
the hecessary equidl change of output at the mark
and space frequencies. My prior arrangement re-
quires & special form: of electronic or electromag-
netic switcht for controlling the reduired tuning
indications to indicate the amount of off-tune
of the receiving- apparatis. - The present inven-
tioh is in the mature of an improvement on the
system of my prior application. In accordance
with the present invention, a discriminater and
double rectifier arrangement is used in: conjunc-
tion with & special combination of grid-controlled
electron tubes for deriving a frequency- input
versus output amplitude characteristic which can
be ¢haracterized as of general saw-tooth shape

Referrmg to Fig.'I; the bloek- I represents  any
well-known source ‘of frequency-shlfted carrier
waves. Forexample, the carrier may have & mean
frequency of Fe and it may be shifted in one 'di-
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rection to a frequency Fm to represent a mark
signal, and in the opposite direction to a fre-
quency of Fs to represent a space signal. For a
detailed description of a typical carrier fre-
quency-shifting arrangement, reference may be
had to application Serial No. 498,278, filed August
12, 1943, It will be understood that instead of
having the carrier normally resting at a mean
frequency of F. and shifted equally in opposite
direction to represent mark and space, the carrier
may rest for example at the space frequency Fs
and may be shifted to the opposite extreme of Fn
to represent the mark frequency or vice versa. In
any event, the receiving apparatus must be pro-
vided with a tuning control mechanism so as to
.tune it to the mean frequency between limits of
the shifted carrier so as to produce equal signal
voltages representing the mark and space signals.
The mark and space frequencies from the re-
ceiver 3 are impressed upon any well-known
limiter device 4 so as to bring the two frequencies
to substantially the same amplitude. The out~
put of limiter 4 is coupled through an audio-fre-
quency transformer 5 into a frequency discrimi-
nator which is of the linear differential type com-
prising for example inductances 6, 1, and their
respective tuning condensers 8, 3. The resonant
circuit 6—8 is tuned to a frequency approximately
twice the deviation excursion from the mean fre-
quency in the positive direction, i. e. above the
mean frequency; likewise the tuned circuit 7—8
is tuned to a frequency approximately twice the
deviation excursion from the mean frequency in
the negative direction, i. e. below the mean fre-
quency. The rectifiers 16, i1, and their respec-
tive load resistors {2, 13, and by-pass condensers
14, 15, are connected in balanced relation to in-
ductances 6 and T in the well-known manner.
The actual keyed signals from the discriminator
may then be tapped off at point 16 and applied to
& suitable audio-frequency amplifier 17 and
thence to a signal reproducer or keyer 18.
. In order to determine when the receiver 3 is
in proper tuned condition with respect to the
mean frequency of the shifteq carrier, a poten-
tiometer resistance 19 is connected across the out-
put of the discriminator rectifiers and a pair of
grid-controlled tubes 20, 2{, are connected to the
resistor 19. Also associated with the tubes 20
and 21 is any well-known form of indicating
meter 22. In order to adjust the tuning indicator
portion of the system initially, the cathode return
circuits of the tubes 20 and 21 are each provided
with a suitable switch 23, 24, When the system
is in operation, switches 23 ang 24 are closed. -
As indicated, tube 20 is in the form of a dual
triode, although it will be understood that two
similar and separate triodes may be employed.
The control grid 25 of one triode is connected di-
rectly to the point 16 so that it is excited directly
by the keyed signals. The control grid 26 of the
other dual triode is connected to ground. The
control grid 27T of triode 2{ is connected to the
adjustable arm 28 of the potentiometer, It will
be noted that the common positive termina] 29 of
the plate power supbly is connected through the
moving coil of meter 22 and thence in parsllel to
the plate 30 of triode 21 and the plate 3{ of the
dusal triode 20. Consequently, the current which
flows through the meter 22 will be determined
by the D. C. voltage conditions at the point B.
In order that the operation of the tuning con-
trol circuit may be understood, an explanation
will be first given of the in-tune condition and
then the off-tune condition. Referring to Figs.
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la to 1d, these figures represent respectively the
signal voltages and currents at the corresponding
points A, B, C and D, for certain conditions of
the circuit. Fig. 1la represents the keying voltage
at the point A corresponding to the in-tune con-
dition from which it will be seen that it consists
of a positive voltage representing the mark sig-
nal, and an equal negative voltage representing
the space signal. It will be understood of course,
that if desired these polarity relations may be re-
versed. When the keyed voltages of Fig. 1g are
applied to the grid 25 and with the switch 23
closed, the tube 20 acts to limit the amplitude of
the waves so that they never exceed a certain
value as indicated by Fig. 1b. Fig. 1b therefore
shows the limited waves of Fig. la when there is
no plate current in triode 21, that is with the
switch 24 open. It will be undersicod of course,
that during the actual operation of the circuit,
and after the system has been properly adjusted,
the switch 24 is closed. However, during the in-
itial adjustment of the system the switch 24 is
open so that the keyed voltages at the point B are
as represented in Fig, 1b. The tube 21 is connected
so as to act as a phase inverter. In other words,
when the switch 24 is closed and g keying voltage
is applied to grig 21, this keying voltage is re-
versed substantially 180 degrees in phase as rep-
resented by Fig, lc. Therefore, by proper ad-
justment of the level of the signal applied to grid
2T under control of potentiometer 28, cancellation
of the keying voltage at point B may be obtained
resulting in the wave shape represented by Fig.
1d. When the potentiometer arm 28 has been
properly adjusted and with switches 23 and 24
both closed, if the receiving system is in tune, it
will be indicated by half-scale deflection of the
meter pointer 32. Preferably meter 32 is of the
usual construction in which the pointer rests at
the left hand extremity of the meter scale when
no current is passing through the meter. 'The
meter scale plate should be of the zero center
scale type. The scale may then be calibrated in
terms of positive and negative cycles of drift for
any desired range of shift,

The operation of the system for the in-tune
condition is as follows. 'The positive veltaze at
point A appears as a limited positive voltage of
smaller amplitude at point D (in the absence of a
signal input-to-grid 27 or when switch 24 is
open). When grid 27 has applied thereto some
of the voltage from point A through potentiome-
ter 19, this voltage while not limited, is inverted
in tube 21 and will appear as a linearly amplified
negative voltage at point D. By proper adjust-
ment of potentiometer arm 28, the pesitive volt-
age developed at the plate 3! may be fully can-
celled by the negative voltage developed at the
plate 38, resulting in zero amplified voltage at
point D. The negative keying voltage at point A
is likewise limited at plate 3! and appears- at
boint D. The negative input voltage from point A
appears at plate 30 as a positive voltage and op-
poses the negative voltage from plate 3f. Conse-
quently, as long as the receiver 3 is in-tune, the
resultant signal voltage for both the mark and
space-signals at point D is zero. It follows that
the resultant signal current passing through the
meter 22 to the plate 31 is also zero. By proper
selection of tubes, operating potentials and con-
stants of the meter 22, the no-signal residual ciir-
rent flowing to plates 38 and 31 may be adjusted
by means of resistors 33 and 34 to cause half scale
deflection of the meter. Therefore, for the re-
ceiver in-tune condition and for the proper ad-
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justment of potentiometer arm 28 to secure bal-
ance of the two signal voltages at point D, the re-
sultant signal current is zero and the meter will
he deflected to the half scale or central zerdc po-~
sition by the residual tube currents. For -off-tune
receiving conditions, the ‘meter will be deflected
up scale egually on mark or-space signals, or down
scale equally on mark or space signals -depending
upon the direction of Getuning. ]

The operation of the circuit for the off-tune
condition is similar-to that forthe in-tune condi-
tion except that the resultant currents on mark
and space o not balance to-zero signal ampli-
tude but to an equal positive or negative signal
current amplitude, depending on the direction -of
detuning. However, the amplitude of the result-
-ant current and the deflection of the pointer 32
is directly proportional to the degree of -detuning.

The examination of the off-tune conditions as
represented in Figs. 2a to 2d will show that fer
the particular off -tune condition illustrated there-
by, the summation of the positive limited
voltage developed at plate 31, and the larger neg-
ative voltage developed ot plate 30 results in a
negative voltage for the initial mark signal. The
space or negative signal develops a negative volt-
age ab plate 31, and a smaller positive voltage
at plate 30. The combination of these two voli-
ages at the common point Bresultsin a negative
voltage exactly equal to the negative voltage de-
veloped by the mark signal. Consequently, the
Geflection of the pointer 32 is equal on both the
mark and space signals. However, the pointer 32
wili not respond to the keying signals but will
have a steady deflection during keying. This is
so because of the fact that it is current practice
in carrier-shift transmission %o maintain the
transmitted carrier while on the air -at either the
mark or space frequency.

Further insight into the operation of this cir-
cuit may be obtained by reference to the voltage
versus audio frequency input waveshape dia-
grams of Figs. 3¢-3d. In Fig. 3u. is presented the
waveshape resulting at point A,-er the discrimi-
nator output when the input frequency to the
limiter is varied. Fn is sélected as the mark fre-
guency and Fs as the space frequency. Fois the
center frequency mid-way between mark and
space. The output of 20 at point B is given in
g, 3b. It is evident that the tube 20 has fully
limited the signal of the discriminator at a volt-
age less than that corresponding to Fm and Fs
in Fig. 3a.

Fig. 3¢ represents the output of 21, showing the
signal of Fig. 3¢ amplified and phase inverted.
Tig. 3d shows the combination of the signals of
Tigs. 3b and 3c¢ effected in the common plate
circuit at point D. The algebraic addition of the
currents corresponding to these voltages takes
place in the tuning meter 22.

By proper setting of potentiometer arm 28, the
sloping sides of waveshape curve of Fig. 3d may
be controlled to pass through the zero axis at any
desired distanhce from Fo. This means that the
potentiometer 19 is a means of adjusting the cir-
cuit for correct operation of the tuning meter
for various values of deviation. Potentiometer
arm 28 may be supplied with a dial which is
graduated and calibrated in terms of deviation.

In operation, the carrier shift signal is rough-
Iy tuned in on radio receiver 3 employing a beat
frequency oscillator. 'The tuning meter pointer
will experience deflections corresponding to the
carrier shift keying characters. Potentiometer
19 which may be referred to as the deviation con-
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trol, is then -adjusted until-the ‘meter ‘pointer
ceases to fluctuate with keying. Usually, the re-
ceiver ‘is not exactly in tune, and it should now
be tuned correctly by use of the tuning meter
until ‘the meter pointer rests at the mid-scale
position or zero «dtift position. The value of de~
viation -of the transmitted -carrier shift signal
may now be ascertained by reference to the pre-
viously -calibrated dial of the deviation control.
For gny single value :.of deviation, the scale of

the tuning meter may be calibrated in terms -of

drift in cycles per second.

Application of this tuning meter circuit in-
cludes all situations where a frequency-shifted
signal of any characteristic is to be monitored
with reference to a particular frequency. In
present day practice, this particular frequency
is usually the mean frequency between the two
¢requency limits to which a signal is shifted. By
use of suitable heterodyning equipment, "this
tuning indicator circuit may be used to monitor
carrier shift transmissions. ‘The tuning meter
may ke made sensitive enough to read transmitter
arift of s few cycles per second and the calibrated
dial of the deviation control 28 is a measure of
the transmitter deviation.

In receiving applications, this tuning indicator
may be used to monitor receiver tuning for the
reception of any type of carrier shift radio signal,
including all systems of telegraphic communica-
tion such as hand keying, automatic keying in
systems of the coded impulse combination type.
This indieator will Tunction correctly for the re-
ception of biack and white facsimile carrier shift
signals, as well as for telegraph signals.

What T claim is: :

1. In combination, a frequency discriminator
of the type having a frequency-versus-voltage
characteristic with a single linear sloped portion
petween successive positive and negative peaks,
and means connected to said discriminator to
convert, said single linear portion into a plurality
of linear portions symmetrically spaced on oppo-

 site sides of a predetermined mean frequency, the
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last-mentioned means including a pair of grid-
controlled electfon tubes ipon which the dis-
criminator output is impressed, one of said tubes
being a phase inverter and the other an ampli-
tude limiter, and means to combine the inverted
and amplitude-limited outputs of said tubes.

9. In combination, frequency discriminator and
rectifier means to develop D. C. voltage charac-
teristics such that the curve relating frequency
input to D. C. output has a substantially con-
tinuous and linear sloped portion, and means to
convert said portion into a substantial saw-
toothed characteristic, the last-mentioned means
including two paths for the D. C. voltages, a de-
vice for limiting the amplitude of the signals in
one path and another device to invert the phase
of the signals in the other path, and a common
combining path including an indicator device for
both the inverted and amplitude-limited voltages.

3. In combination, means to produce a voltage
of a frequency representing a telegraph mark
signal, means to produce a voltage of a different
frequency representing a telegraph space signal,
discriminator means upon which two said fre-
quencies are impressed, means to rectify the mark
and space frequencies in the output of said dis-
criminator to produce corresponding D. C. sig-
nals, an amplitude limiter tube, a phase inverter
tube, means to control the plate currents of both
of said tubes by said D. C. signals, and a tuning
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indicator device connected in common to the
plate circuits of said tubes.

4. In a system for receiving a frequency-shifted
carrier having a irequency Fm representing a
mark signal and a frequency Ts representing a
space signal, a receiver having means to tune it
to produce two frequencies corresponding respec-
tively to said mark and space signals, a frequency
discriminator connected to said receiver and hav-
ing a frequency-versus-potential characteristic
with a linear sloped portion joining successive
bositive and negative peaks, means to develop
D, C. voltages under control of the signals from
said discriminator, a first grid-controiled tube,
a seconid grid-controlled tube, means to apply said
D. C. voltages in separate paths to the grids of
said tubes, means associated with one tube for
limiting the amplitude of the signals therefrom
without substantial phase inversion, the D. C.
signals being applied to the other tube to effect
phase inversion thereof, a tuning indicator device
connected in common to the plate circuits of both
said tubes, and means to adjust the D. C. poten-
tial applied to one of said tubes so that the re-
sultant plate current of both tubes is at a pre-
determined value representing the in~tune condi-
tion of said receiver.

5. A system according to claim 4 in Wwhich said
discriminator is of the balanced differential type.

6. In a system for receiving a frequency-shifted
carrier having a frequency Fm representing a mark
signal, and a frequency Fs representing a space
signal, a receiver having means to tune it to pro-
duce two frequencies corresponding respectively
to said mark and. space signals, means to limit
the amplitude of said two frequencies, frequency
discriminator means and a rectifier network upon
which the limited frequencies are impressed, a
potentiometer resistance connected across the
output of said network, a pair of grid-controlled
triodes one friode having its control grid con-
rected to said potentiometer and the other triode
having its control grid connected to ground, the
cathodes of said pair of triodes being connected
to ground through a common resistor whereby
the plate current of the other triode is amplitude
limited but is in phase with the signals from said

10

15

20

25

30

385

40

45

8

discriminator, a third triode having its control
grid connected to said potentiometer whereby its
plate current is phase inverted with respect to
the signals from said discriminator, and a single
tuning indicator device connected in common to
thie plate circuit of said other one of said first
pair of triodes and to the plate circuit of said
third triode.

7. The method of determining the in-tune con-
dition of a receiver which responds to carrier
frequency-shift signals which comprises, produc-
ing signals whose amplitudes correspond respec-
tively to the frequency~shift limits and which are
of substantially equal magnitude when the re-
ceiver is in-tune, deriving from said signals two
voitages one of which is in phase with the said
signals and the other of which is phase inverted,
adjusting the relative levels of said two voltages
so that when the receiver is in-tune the resultant
is substantially zero, and when the receiver is out~
oi-tune the resultant is proportional to the
amount of detuning and the sign of the resultant
corresponds to the polarity of detuning.

8. The method according to claim 7 in which
the characteristic curve which relates the fre-
quency of the shifted signals to said resultant
voltage is of saw-tooth shape,

8. The method of tuning indicator control in
Irequency-shift telegraph systems employing a
frequency discriminator which comprises ampli-
tude limiting in one path a portion of the signal
voltage from the discriminator without substan-
tial phase inversion, phase inverting in another
path ancther portion of said signal voltage, and
combining the amplitude limited and phase In-
verted voltages to produce an overall character-
istic relating input frequency to resultant voltages
which is of saw-tooth wave shape.

REYNOLD 5. CHAPIN.
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