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5 Claims.

The present invention concerns signal gener-
ators and in particular frequency modulated
signal generators employing beating oscillators.

One object of the present invention-is to pro-

vide an improved frequency modulated signal

generator.

Another object is to provide improved modula~ -

tion characteristics in a variable carrier fre-
quency modulated signal generator.

Still another object is to provide means for
changing the frequency range of the signal gen-
erator without affecting its modulation charac-
teristics.

A further object is to provide either amnvlitude
modulation or frequency modulation or both
simultaneously in a signal generator.

These and other objects will be evident from
the detailed descrintion of the invention given in
connection with the drawing.

In order to design and test frequency modula-
tion radio receivers and systems a variable fre-
quency modulated signal generator is very use-
ful. A freouency modulated signal is one in
which the frequency is varied above and below
the mean frequency at the modnlation rate and
in which the instantaneous frequencv deviation
from the mean is a linear function of the instan-
taneous value of the modnlating voltage. A
number of methods have been emploved in the
past for freauency modulating a signal. " One
method has been to vary the apparent capacity
across an oscillatory circuit bv means of a ther-
mionic vacuum tube. If a thermionic vacuum
repeater tube is operated with a resistive plate
load and a plate to grid capacity the grid to
cathode impedance of the tube is a capacity
which varies with the gain of the tube. The gain
may be varied by control of the grid voltage by
means of a modulating voltage. The amount
and quality of the modulation which may be,
obtained by this method depends on the mutual
conductence of the tube, the nlate to erid capac-
ity and the plate load resistor among other fac-
tors. In order to obtain large amounts of fre-
quency deviation and which remains constant as
the mean frequency is varied has presented s
considerable problem in the past. The problem
is further complicated if amplitude modulation is
also required.

According to the present invention the fre-
quency modulation is accomplished at 3 fixed
frequency and hence under fixed conditions. In
order tp provide a variable mean frequency the
modulated signal beats with a variable frequency
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unmodulated signal and the sum and difference
frequencies are utilized. The frequencies are
chosen so. that the difference fregquencies are
chosen to provide a low frequency range as, for
instance, 1 to 10 megacycles and the sum fre-
quencies are chosen to provide a high frequency
range as, for instance, 41 to 50 megacycles.
Selection of the desired range is accomplished
after detection so that no switching is required in
the oscillator circuits. -Amplitude modulation is
accomplished. in the detector which permits oper-
ation with frequency or amplitude modulation
separately or both together.

In the drawing is shown a circuit diagram of
one form of the invention.

The circuit diagram shows fixed modulated
oscillator 6, variable frequency oscillator 9, modu-
lator §, audio frequency driver 4, detector 7,
amplifier 8 and voltmeter tube 2. Various ground
points 3 are common to the system. Fixed oscil-
lator tube 6 may be any suitable thermionic vac-
uum tube as for instance the beam tetrode shown
having cathode 89 heated by conventional means
not shown, control grid 88, screen grid 88, and
plate 91. Grid 88 is connected to oscillator tank
coil 84 through grid leak 87 by-passed by grid
condenser 86. Oscillation is produced by means
of feed~back cnil 83 connected to plate 91 through
parasitic oscillation -suppressor resistor 82 and
plate bias source {4!. Cathode 89 receives g
proper bias by means of the cathode current flow-
ing in resistor 92. Cathode bias resistor 92 is
connected between cathode 89 and ground 8 and
is by-passed by condenser 83. Screen 90 receives
a bias from source 141 and is by-passed hy con-
denser 84, The frequency of oscillation of tube 8§
is partially determined by trimmer condensers 85
and 85l The frequency of oscillation of tube &
is finally determined by an effective grid to cath-
ode capacity of modulator tube 5.

Modulator tube 5§ may be any suitable tube as
for instance the tetrode shown including cathode
73, control grid 12, screen grid ™ and plate 74.
The effective grid to cathode canacity of tube 5 is
placed across tank coil 84 by means of coupling
condenser 8f. Cathode T3 receives its bias by
means of cathode current flowing in eathode
resistor 78 connected between cathode 73 and
ground 3 and by-passed by condenser 19. Screen
Tl receives its bias from source 141 and is by-
passed by means of condenser 10. The effective
grid to cathode capacity of tube 5 is partly con-
trolled by the parallel condensers 75 and 78 con~
nected between grid 72 and plate 74 and by means
of plate load consisting of resistor 68 and phasing
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coil 87 connected between plate 74 and bias source
14! through decoupling resistor §8. The effective
grid to cathode capacity of tube 5 is also partly
determined by the mutual conductance of tube §
as determined by the net bias befween control
grid 72 and cathode 73. This effective capacity
is varied by means of a modulating voltage ap-
plied to grid 12 through choke coil 71 and across
radio frequency filter condenser 88.

Frequency modulation of fixed oscillator § is
accomplished by means of driver tube 4 varying
the grid bias of modulator tube 5. Driver tube
4 may be any suitable tube as, for instance, the
tetrode having cathode £2, control grid 41, sereen
grid 43 and plate 84, Driver tube 4 is essentially
an amplifier and receives its input voltage from
tap 40 on potentiometer 89 and feeds output
transformer primary 45. Cathode 42 receives
its bias from cathode current flowing in resistor
0 which is by-passed by condenser 49. The
feed-back coil 47 is connected in series with cath-
ode 42 and resistor 59 in order to decrease distor-
tion by means of degenerative feed-back. The
voltage across secondary 46 is applied to grid 12
in order to freguency modulate oscillator 6
through contacts 55 and 8§ of switch 51 and radio
frequency filter 58, 58, 68 when switch is turned
to “FM” position as shown. The deviation or
amount of frequency modulation is indicated on
voltmeter 18 connected across secondary 45
through switch 19, 20, 2i. Switch {9, 26, 21 may
switch a resistor in or out of the circuit to mul-
tiply the scale of meter {8. Resistor 48 is con-
nected across secondary 48 in order to improve
the regulation of the driving system and this may
be necessary on large deviations since on large
swings of voltage the power required to drive grid
72 may vary over the voltage cycle.

Audio frequency imput voltage for driver 4 may
be derived from any suitable internal or external
source as for instance the “Audio frequency
source No. 17 through coupling condenser 38
and switch 22, 23, 24, With switch arm 22 closed
to contact 23 the input to driver 4 is essentially
constant with sudio frequency and may be con-
trolled by potentiometer 9. Since the frequency
deviation of oscillator § depends on the driving
audio voltage as long as the other circuit ele-
ments as, for instance, condensers 85, 881, 15, 16
and resistor 68 are held constant meter 10 may be
calibrated directly in kilocycles frequency devia-
tion. Condensers 85, 851, 75, 76 and resistor 68
may be varied or changed initially in order to
set the deviation sensitivity, and mean frequency
of the system to match the calibration of meter
{9 and to provide the desired output frequency.

Frequency modulated transmitters for broad-
cast service are modulated with a rising audio
frequency characteristic equivalent to the curve
of g circuit having a time constant of 100 micro-
seconds. This rising characteristic may be pro-
vided by any suitable means as for instance the
substantially equivalent circuit consisting of re-
sistors 32, 24, 35, 36 and 36’, condenser 33 and
coil 37 all connected to selector switch 25. This
circuit equivalent to a simple 100 microsecond RL
circuit is constructed by connecting resistor 32 in
parsllel with condenser 33 and in parallel with
this, resistor 34 in series with resistor 35 in par-
allel with resistor 3% in series with inductance 37
and resistor 28’ grounded at the connection be-
tween resistor 38’ and inductance 87. Modulation
following this rising characteristic may be pro-
vided by turning switch 25 to “in” thereby switch-
ing the above circuit in series with a suitable

10

15

20

25

30

35

40

45

60

b5

60

85

(]

2,837,538

audio source as, for instance, “Audio frequency
source No. 2”7 and switch 22 which should be
placed on contact 24 and switch 16 which should
be placed cn contact i3, When switch 25 is in
the “out” position this circuit for producing a ris-
ing characteristic is removed and audio source
No. 2 produces a linsar deviation of oscillator 6.

Up to this point the fixed oscillator and fre-
quency modulation system has been described in
detail. In order to produce a variable output
frequency this modulated fixed frequency signal
is caused to beat with a variable frequency signal.
The variable heating freguency is supplied by
tube 8 which includes cathode 153 heated by con-
ventional means not shown, control grid 1562, and
plate 15f. Crid {52 is connected to tank coil 1458
through grid leak i49 by-passed by grid con-
denser 148, Oscillation is rroduced by means of
feed-back coil 143 connected to plate 5! and
through filter resistor 142 to bias source 1&f.
Filter resistor 142 is by-passed by condenser {44.
The frequency of oscillation is varied by means
of turning condenser 48 and the range is set by
trimmer condenser £&7.

The beat between oscillators 8 and 8 is detected
by detector 7 and is amplified by amplifier 8.
Detector 7 includes cathode 188 which receives a
bias due to cathode current in resistor 87 by-
passed by condenser 98, control grid 99, screen
grid 181, suppressor grid 182 and plate {83. Con-
trol grid 89 is returned to ground through resistor
65. Signal voltage from fixed oscillator 6 is
placed on grid 89 by means of adjustable coupling
condenser 159! and signal voltage from variable
oscillator 9 is placed on grid 98 by means of ad-
justable coupling condenser (50, The attenua-
tion of these signals at grid 29 may be varied by
means of condensers 188, 158! and 96. Plate 103
is loaded by means of resistor {84 and receives
its bias from source {4{. Detector T rectifies the
signals frem oscillators § and 9 producing the
?gzn and difference frequencies across resistor

The sum and difference frequencies thus pro-
duced are amplified by means of amplifier 8.
Amplifier 8 may be any suitable thermionic vacu-
um tube as, for instance, the pentode shown hav-
ing cathode {18 receiving its bias from the cath-
ode current flowing in resistor {13 by-passed hy
condenser 14, control grid f{85, screen grid i1,
suppressor grid §(8, and plate §19, A portion of
the sum and difference signals appeals across
resistor 184 through coupling condenser {85. The
amplified sum and difference signals appear
across plate load resistor 126 connected between
plate {19 and bias source {41,

The amplified sum and difference signals across
resistor {28 are coupled to an output attenuator
{73 and output voltmeter 2 by means of coupling
condenser i28. The output attenuator {13 in-
cludes an initial dropping resistor 55, attenua-
tor resistors 158, {53, 165 and 187, output termi-
nating resistor {78 and push-button switches
156—157—$589-—163—160—162, 164—I6F and
168—(88. :

The low end of resistor {55 is shunted to ground
by resister #8283 and the low end of resistor 165
is shunted to ground by resistor 187. Switch
§56—157—159—160—1{6{—162 connects the low
end of resistor 155 to the high end of resistor 158
when in its neutral position as shown and con-
nects the low end of resistor {85 to output ter~
minal #7! when in its operative position. Simi-
larly switch 184—{88 connects resistor 158 to re-
sistor 168 or to output terminal 71 and switch
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{68—169 connects.resistor 165 to terminal 171 in
its operative position. The attenuated output
appears across terminals 171 and 172 and the full
ocutput is available at terminal {54 connected to
the high end of resistor {55. The voltage across
attenuator 173 is measured by diode voltmeter 2.
Diode 2 includes cathodes 135 and 136 and corre-
sponding anodes 133 and i34. Anodes 132—i34
are connected together and to the high side of
resistor 188. The dicde circuit includes the eath-
ode load comprising resistor 129 and condenser
130 in shunt and paralleled by resistor 131 in se-
ries with condenser 132 and the combination is
connected between paralleled cathodes 135—135
and ground 8. Meter 1 by-passed to ground by
condenser 148 is connected in series with resis-
tors 139 and a portion of resistor (37 to plates
{82—138 and to a point on resistor {74. Thus
the rectified current generated by diode 2- flows
thru meter t{. The sensitivity of the voltmeter
is adjusted by means of adjustable contact 138
on resistor 137 connected in series with meter
{1 and the zero signal current from diode 2 is
bucked out by adjusting contact {75 on resistor
74 connected between battery {41 and ground 8.
Meter 1! reads the voltage across the attenuator
including the initial dropping resistor {55. The
actual output voltage at point 154 is thus read
by meter {1 and the output voltage across points
171 and 112 is the reading on meter i1 times the
attenuation factor introduced in attenuator 173.

Amplitude modulation of the output signal is
produced by applying a modulating signal to sup-
pressor grid 182 of detector tube 1. This is ac-
complished through contacts 52 and 58 of switch
5! by throwing it to “AM.” This connects the
output of driver tube 4 to grid 162 through filter
61—62—83 and 64—85—66. The amount of
amplitude modulation thus produced is indicated
on meter 8.

With switch 51 at “FM,” switch 22 closed to
23 and switch {6 closed to §7 frequency and am-
plitude modulation are produced at the same
time. Frequency modulation is produced by
“Audio frequency source No. 2.” In this way
independent frequency and amplitude modula-
tion of the output signal is produced. The modu-
lating frequencies may be anything from the
same frequency to widely different frequencies.
Evidently a single source of audio frequency
may also be used in which case the two modu-
lations are equal in frequency and phase.

Thus far a generator has been described for
generating a variable frequency either modu-
lated in frequency or amplitude or both. Both
sum and difference frequencies are produced in
the output of detector 7. In order to provide
either sum or difference frequencies in the out-
put of the generator at will selection is made in
the amplifier as, for instance, by means of selec-
tive circuits 196—187 and 122—123 switched in
or out by means of switches 188 and 128. In one
form of the invention fixed oscillator 6 is oper-
‘ated at 20 megacycles and the variable oscillator
8 is operated over a range from 21 to 30 mega~
cycles. The plate loads of tubes 7 and 8 and other
circuit constants are chosen so that with switch
2% on contact 110 and switch {28 on contact 127
the detector and amplifier circuits pass the differ-
ence frequency of 1 to 10 megacycles. This pro-
vides operation for one frequency range. The 1
to 10 megacycle range is thus selected and higher
frequencies are eliminated by the cut-off charac-
teristics of the amplifier. With switeh 109 on
contact 168 circuit 106 is tuned by condenser {07
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to one end of the sum frequency range of 41 to
50 megacycles and with switch 128 on contact
128 circuit 122 is tuned by condenser 123 near
the other end of the 41 to 50 megacycle range.
This provides substantially constant amplifica-
tion over the sum frequency range from 41 to 50
megacycles and since circuits §{86—I187 and {22—
(23 have low impedances in the 1 to 10 mega-
cycle range the difference frequencies are elim-
inated. This provides a high frequency range
output. It will be noted that for convenience of
calibration of the generator 1 megacycle corre-
sponds to 41 megacycles, 2 to 42 ete. The range
of operation is changed merely by shifting
switches 109 and 128 in the amplifier without any
connection or change in the oscillator circuits.
This provides constant oscillator and modulation
conditions on both ranges of output frequency.

Thus frequency modulation is accomplished at
a fixed frequency at a point mid-way between the
output frequency ranges. Conditions for fre=-
quency modulation are not changed by changing
the range or value of the output frequency. The
harmonics of the fixed oscillator fall outside both
output frequency ranges. Amplitude modulation
is carried out in the detector without effect on the
frequency modulation. Both frequency and am-
plitude modulation may be produced at the same
time at the same or different modulating fre-
quencies and by independent amounts. The out-
put frequency ranges may be changed without
affecting either modulation or frequency stability
since no changes are made in the oscillating cir-
cuits. These and many other advantages of the
system shown and described will be apparent to
those skilled in the art.

While only a single embodiment of the present
invention has been shown and described many
modifications will be apparent to those skilled in
the art and within the spirit and scope of the in-~
vention as set forth in the appended claims.

What is claimed is:

1. In a signal generator, the combination of,
an oscillator having a fixed mean frequency,

5 means including a second oscillator for frequency

modulating said oscillator about said mean fre-
quency, a variable frequency oscillator, s detector
for rectifying signals from the first mentioned os-
cillator and from said variable frequency oscil~
lator to produce sum and difference frequencies,
means including said second oscillator for am-
plitude modulating said sum and difference fre-
quencies after they have been produced, means
for selecting said sum frequencies and eliminat-
ing said difference frequencies to produce g first
useful output sighal, means for selecting said dif-
ference frequencies and eliminating said sum fre-
quencies to produce a second useful output, and
means for selecting said selecting means.

2. In a signal generator, the combination of,
a high frequency electronic oscillation generator,
a low frequency electronic oscillation generator,
means for frequency modulating said high fre-
quency oscillation in accordance with a signal
derived from said low frequency generator, a
variable frequency second high frequency elec-
tronic oscillation generator, means for mixing
signals from said two high frequency generators
to produce a frequency modulated variable fre-
quency beat note signal, and means for ampli-
tude modulating said beat note signal in accord-
ance with a second signal derived from said low
frequency generator to provide a frequency and
amplitude modulated test signal.

3. In a signal generator, the combination of.
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an oscillator having a fixed mean frequency,
means including a second oscillator for frequency
modulating said oscillator about said mean fre-
quency, a variable frequency oscillator, a detec-
tor for rectifying signals from the first men-
tioned oscillator and said variable frequency os-
cillator to produce sum and difference frequen-
cies, means including said second oscillator for
amplitude modulating said sum and difference
frequencies after they have been produced, means
for selecting said sum frequencies and eliminat-
ing said difference frequencies to produce a use-
ful output signal, the fixed mean frequency of
the first means oscillator being greater than
the range of the variable frequency oscillator.

4. In a signal generator, the combination of,
an oscillator having a fixed mean irequency,
means including a second oscillator for frequency
modulating the first mentioned oscillator about
said mean frequency, a variable frequency oscil-
lator having a range less than the mean fre-
quency of the first mentioned oscillator, a detec-
tor for rectifying signals from the first mentioned
oscillator and the variable frequency oscillator
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to produce sum and difference frequencies, means
including said second oscillator for amplitude
modulating said sum and difference frequencies
after they have been produced, and means for
selecting said difference frequencies and elimi-
nating said sum frequency to produce a useful
output signal.

5. In a signal generstor, the combination of,
an oscillator having a fixed mean frequency,
means including a second oscillator for frequency
modulating the first mentioned oscillator about
said mean frequency, a variable frequency oscil-
lator having a range less than the mean fre-
quency of the first mentioned oscillator, a de-
tector for rectifying signals from the first men-
tioned oscillator and the variable frequency oscil~
lator to produce sum and difference frequencies,
means including said second oscillator for ampli-
tude modulating said sum and difference fre-
quencies after they have been produced, and
means for selecting a said sum frequency and
eliminating a said difference frequency to pro-
duce a useful output signal.

AL.FRED W. BARBER.



