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UNITED STATES PATENT OFFICE

GENERATION AND MODULATION OF
ALTERNATING CURRENT SIGNALS

Edwin A. Goldberg, Princeton, N, J., assignor to
Radio Corperation of America, a corporation

of Delaware
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(ClL 256—36)

3 Claims.

1

This invention relates to the generation and
modulation of alternating curreni signals. It
provides a stabilized generator which operates
in response to an applied unidirectional voltage
to deliver an alternating current signal of an
amplitude which is proporticnal to the amplitude
of the applied unidirectional voltage. T§ also pro-
vides medulating means whereby this generated
alternating current signal may be combined with
separate unidirectional voltages to produce alter-
nating voltages, each of which is vroportional $o
the product of the generated aiternating currens
signal and a different one of the separate uni-
directional voltages.

The illustrated form of the jnvention includes
a high gain feedback ampiifier which receives its
input from s tuning fork and delivers at its outpus
the generated alternating current signal. Con-
nected between the outpu? of the feedback ampli-
fier and the tuning fork ars: (1) g transformer,
(2) a rectifier, (3) a direct current amplifier
which functions to deliver a unidirectional voli-
age proporticnal to the difference betwesn the
amplitudes of the rectified voliage and that of
the unidirectional veliage which determines the
amplitude of the generated alternating current
signal, (4) a modulator which responds to both
the output of the feedback amplifier and the out-
put of the direct current amnviifier, and (5) an
alternating current amplifier through which the
tuning fork is excited from the moduiator,

The tuning fork obvicusly may be renlaced by
any other suitable type of generator. While it is
llustrated as provided with electrostatic pickups
through which it is coupled to the feadback am-
plifier, it is apparent that these pickups may be
replaced by magnetic pickups or the like.

Among the objects of the invention sre to pro-
vide a stabilized generator which functions to
deliver an alternating current signal of an am-
plitude which is proportional to thai of a con-
trolling unidirectional voltage: to provide a mod-
ulator which functions in response to an alter-
nating current signal and a unidirectionsl voltage
to deliver an alternating signal which is propor-
tional to the product of such signal and voltage:
and to provide an improved means and method
of operation whereby ‘there is made available
both a generated alternating current signal of an
amplitude proportional to that of a unidirectional
control voltage, and one or more auxiliary alter-
nating current signals, each of an amplitude pro-
portional to the product of the generated alter-
nating current signal and a different one of such
unidirectionsl centrol voltages.

The invention will be better understood from
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2
the following description, considered in connec-
tion with the accompanying drawings, -and ‘its
scope is indicated by the appended claims.

Figure 1 of the drawings is a schematic show-
ing of the improved, stabilized signal generator
and modulator, and

Figure g is o wiring diagram of the stabilized
signal generating part of Figure 1.

In connection with these figures, it should -be
understood that the feedback amplifiers ‘which
werform the modulating functions are similar to
the feedback amplifier which performs the signal
generating functien. For this reasgon, only the
Pickups to which the modulator feedback -ampli-
fizrs are connected are shown in Figure 2.

The apparatus of Figure 1 includes g feedback
amplifier 18, which receives its input from a
tuning fork {1 through a pickup coupling 12 and
delivers its output through leads 13——i4, Con-
nected to the leads {8—14 are the cutout ter-
minals t8—f€, a transformer {7 and one imput
circuit of the modulator 42 (Fig. 2) of .a modu-
lator-amplifier unit 8. The transformer A7 s
connected through a rectifier 19 and a direct ‘cur-
rent amplifier 28 o ancther input cireuit of the
unit 18 snd the output of this unit is applied to
the driving coil 21 ‘of the tuning fork 11,

Applied to the terminal 22 is a unidirectional
voltage of an amplitude which determines the
amplitude -of the alternating signal delivered at
the output of the amplifier 0. Applied through
a resistor 23 to the pickup feeding the input of
the amplifier {§ is a voltage which determines
the amplitude of the vibration of the tuning fork
{1, as hereinafter explained.

The input of a second feedback amplifier 25 is
coupied through g pickup 24 to the tuning fork
§1. The pickup 24 is connected through a resistor
28 to a source of unidirectional votential. The
output delivered at the terminals 27 and .28 is an
alternating voitage which has the same frequency
as the tuning fork {1, and has an amplitude pro-
portional to the product of the unidirectional
voliages applied through the terminal 22 and
threugh the resistor 26 and inverssly proportional
to the voltage applied through the termingl 53.

Additional pickups 29 and 38 may be provided
to cooperate with other amplifiers in the same
way that the pickup 24 cooperates with the am-
plifier 23.

In the wiring diagram of Fig. 2, the feedback
amplifier 8 is shown as consisting of four ‘stages
31, 32, 323 and 84. 'The first stage 31 is coupled
to the tuning fork ! through the pickup 12 =and
the last stage is connected to the primary wind-
ing of ‘the transformer {1. The ‘secontiary wind-
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ing of the transformer {1 delivers its output to
the rectifier 1§. The rectified voltage available
at the output terminals of the rectifier is smoothed
or filtered by a network 36 and applied to one
control grid 36 of the direct current amplifier 20.

To the other control grid 37 of the direct cur-
rent amplifier 20 is applied a bias potential de-
termined by the potential drop of resistors 38
and 39. These resistors are connected between
a lead 40 maintained at a positive potential of
300 volts and a lead 41 maintained at a negative
potential of 300 volts. The potential developed
across these resistors corresponds to the potential
applied to the terminal 22 of Fig, 1 and is seb
at any desired value by suitable adjustment of
the resistor 39.

The modulator 42, which forms part of the
«modulator-amplifier” 18 of Fig. 1, is provided
with two control grids 43 and 44. The potential
of the grid 44 is determined by the potential drop
of a resistor 45 connected in the right-hand plate
cireuit of the direct current amplifier 28. Since
the potential drop of the resistor 45 is responsive
to the potential of the grid 36, and this grid
potential is determined by the output of the
rectifier, it follows that the potential of the grid
44 is varied in accordance with the amplitude of
the rectified voltage.

The left-hand plate circuit of the amplifier 28
is connected to a gaseous voltage regulator tube
57 which receives its operating current through
the resistor 45’. The negative electrode of the
regulator tube BT is connected to the negative
terminal of the 300 volt power supply. Also con-

nected to the positive electrode of the regulator g

tube 51 is the cathode of the modulator tube 42.
The D. C. potential of the second control grid
of the modulator tube 42 is maintained at the
cathode potential due to the D. C. return through

the choke 46. Thus the regulator tube 57 main- 4

tains the left hand plate of the tube 20, the cath-
ode of the modulator tube 42, and the second con-
trol grid of the modulator tube 42 at a fixed D. C.
potential of +150 volts with respect to the nega-
tive terminal of the 300 volt power supply. There
is applied to the grid 43 through a capacitor 41,
a resistor 48 and an output lead 49 of the feed-
back amplifier 31—32—33—34 a part of the al-
ternating current signal delivered by this feed-
back amplifier. With proper adjustments in the
various parts of the circuit, the grids 43 and 44
function to make available at the output termi-
nals of the modulator 42 alternating current of
an amplitude which responds very closely to the
potential drop of the resistors 38 and 38. Thus,
the rectified unidirectional voltage is constantly
compared with voltage drop of the resistors 38
and 39, so that the amplitude of the alternating
current signal is stabilized at a value determined
by the potential drop of these resistors.

The stabilized alternating current output of
tHe modulator 42 is amplified by the amplifier 50
and supplied through leads 51—52 to the driv-
ing coil 21 of the tuning fork L.

Potential (corresponding to that applied
through the resistor 23 of Fig. 1) is applied
through a lead 53, a potentiometer 54, and a
resistor 23 to the pickup feeding the input of
the amplifier 31—32—33—34. As previously in-
dicated, adjustment of this potential determines
the amplitude of the vibration of the tuning fork.
Such adjustment is made by means of the po-
tentiometer 54.

The gain of the loop, formed as outlined above,
is determined by adjustment of a potentiometer
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55 through which the modulator 42 is coupled to
the amplifier 50.

The operation of the signal generator is readily
understood, if it be assumed that the tuning fork
i{ is vibrating and a unidirectional voltage is
applied to the terminal 22 of Fig. 1, or across
the resistors 38 and 38 of Fig. 2, and a unidirec-
tional voltage is also applied to pickup 12 through
resistor 23. Under these conditions, an alternat-
ing voltage of the fork frequency is applied to
the input circuit of the feedback amplifier 3{—
32--33—34 (indicated by the reference numeral
{0 in Fig. 1). The output voltage of this ampli-
fier is stepped up by the transformer {1, is recti-
fied, and is compared with the unidirectional volt-
age across the resistors 38—39. The difference
between these unidirectional voltages is utilized
to control the gain of the modulator 42 which is
excited by alternating potential applied from the
output of the amplifier’ 81—32—33—34 through
she leads 29 to the grid 43. The modulator out-
put is amplified and utilized to drive the tuning
fork. Thus, the system operates so that the
rectified voltage is always maintained very close
to the voltage across the resistors 38 and 39.

How this result is achieved may appeal more
clearly from the theoretical considerations out-
lined below. In these considerations, the various
veference characters are identified as follows:

A=the fork amplitude of vibration,

B—the value of che voltage applied to pickup
{2 through the potentiometer 54, and resistor
23,

C=—the value of the voltage across resistors 38
and 39,

Hor=—alternating voltage at output of amplifier
3{—32—23—34 (amp. 10 in Fig. 1),

F.r=alternating voltage at output of amplifier
25 (Fig. 1),

D—unidirectional voltage applied to pickup 24
through resistor 26,

Gm=gain of amplifier 18 (Fig, 1),

Gn==gain of amplifier 25,

Em=aslternating voltage output of 42 (Fig. 2),

k1, ko, k3, etc.=constants,

Eo.pc=rectified voltage.

Tor the sake of simplicity, it is assumed that
the modulator 42, the tuning fork drive, etc. are
linear. This, of course, is not essential to the

operation of the system. It is apparent that the

following relations are established:
EoI=k1ABGm (1)
A=Kk:Em 2)
Em=k3Eo1(C—EobpC) 3
Eopc=KsEor 4
Em=k3Eor(C—FksEoD (5)
EoI=k1k2EmBGm (6)
Eor=kik2BGmkaEor(C—KkaEor) )

_ ]ClkgkaBCGm -1

Bor="TF T falosBGm (7a)

If kikoksBCGm is large relative to 1. (meaning
only that the loop gain is high), the —1 may be
neglected and there results for practical pur-
poses:

C
Enl =E (8)

This last equation shows that the output volt-
age Fo of the generator feedback amplifier
31—32—23—34 is proportional to the voltage
drop across the resistors 38 and 38. This shows
that the voltage of the alternating current sig-
nal output is controlled by the voltage drop across

78 the resistors 38 and 39. o
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From Equations 1 and 8 it is seen that:
Eor=hABG, =" ©)
4
_C
A‘ITJTBG," (10)

From Equation 10 it is apparent that the
amplitude of the vibration of the fork 1 is in-
versely proportional to the unidirectional voltage
applied through the potentiometer 54, and re-
sistor 23. It is, therefore, possible to control the
fork amplitude by adjustment of this potenti-
ometer without affecting the generator alter-
nating output voltage Eor.

In the operation of the system, the voltage drop
of the resistors 38 and 39 is adjusted first to
give the desired signal generator ocutput voltage.
The voltage applied through the potentiometer
54 and resistor 23 is then adjusted to give the
broper vibration amplitude of the tuning fork.

If a unidirectional voltage is applied to the
pickup connected to the input of the modulator
feedback amplifier 25 (Fig. 1) through the re-
sistor 26, there is made available at the output
terminals of this amplifier an alternating volt-
age Eorr, which has the same frequency as the
tuning fork and has an amplitude proportional
to the product of this unidirectional voltage and
the amplitude of the vibration of the tuning
fork.

Eon=K1ADGq (11)

There is thus made available g linear modu-
lator having an alternating current output which

is proportional to a unidirectional voltage. This =

linear modulator is, of course, not essential to
the stabilized signal generator part of the ap-
paratus but is a useful addition to the generator,
especially where a number of separate unidirec-
tional voltages are each to modulate the same
alternating current signal. The phase of the
output voltage of the linear modulator is a con-
stant, or a constant plus 180° with respect to
the output voltage of the signal generator. The
constant depends upon the relative phase shifts
through amplifiers 10 and 25 of Fig. 1, and the
phase may be shifted 180° by reversing the
polarity of the unidirectional voltage applied
through resistor 25 with respect to the unidirec~
tional voltage applied through resistor 23 of
Fig, 1,

I claim as my invention:

1. The combination of alternating current
supply means having input and output circuits,
modulating means having g pair of control grids,
an alternating current amplifier having its input
connected to the output circuit of said supply
means and having an output circuit, means for
applying a fixed unidirectional potential, means
connected to said amplifier output circuit and
responsive to said fixed unidirectional Dbotential
for applying to one of said modulator grids a
potential representative of the difference between
said fixed unidirectional potential and the am-
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plitude of the output potential of said amplifier,
means for applying the output potential of said
amplifier to the other of said modulator grids,
and means for applying the output potential of
said modulator to the input circuit of said sup-
ply means.

2. The combination of alternating current
Supply means having input and output circuits,
modulating means having a pair of control grids,
an alternating current amplifier having its input
connected to the output circuit of said supply
means and having an output circuit, means for
applying a fixed unidirectional potential, means
connected to said amplifier output circuit and
responsive to said fixed unidirectional potential
for applying to one of said modulator grids a
botential representative of the difference be-
tween said fixed unidirectional potential and the
amplitude of the ouiput potential of said ampli-
fier, means for applying the output potential of
sald amplifier to the other of said modulator
grids, means for applying the output potential
of said modulator to the input circuit of said
supply means, means for adjusting the value of
said fixed potential, and means for stabilizing
said fixed potential at such adjusted value.

3. The combination of alternating current
supply means having input and output circuits,
alternating current rectifying means, an alter-
nating current amplifier connected between said
rectifying means and the output circuit of said
supply means, a modulator having first and sec-

. ond control grids and an output circuit including
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a cathode and an anode, a direct current am-
plifier including first and second anodes and first
and second contro] grids, means connecting the
output of said rectifying means to the first of
sald direct current amplifier grids, means for
applying a fixed potential to the second of said
direct current amplifier grids, means connecting
the first of said direct current amplifier anodes
to the first of said modulator grids, means for
stabilizing the cathode of said modulator and
the second anode of said direct current ampli~
fier at the same voltage, means for applying the
output potential of said alternating current am-
plifier to the second of said modulator grids, and
means connecting the output cireuit of said
modulator to the input circuit of said supply
means.
EDWIN A. GOLDBERG.
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