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The present invention relates generally to ap-
paratus employed for sutomatic confrol pur-
boses, and relates specifically to a novel shifting
device for shifting with respect to time the ef-
fects of amplitude variations in an alternating
current control signal. More specifically, the in-
vention relates to a novel shifting device of the
type specified which is useful to provide anti-
hunting effects in one type of electric control
apparatus, and to provide time delay effects in
another type of such apparatus.

A general object of the present invention is to
provide an improvement in automatic control ap-
paratus whereby desirable shifting effects are
obtained in such apparatus in a novel and sim-
plified manner. A more specific object of the
invention is to provide a novel shifting device
well adapted for use with automatic electric con-
trol apparatus and operative to shift with respect
to time the effects of amplitude variations in an
alternating current signal.

More specifically, an object of the present in-
vention is to provide a novel shifting device of
the type specified which is operative in a first
form to produce an alternating current output
signal exhibiting amplitude variations which are
advanced with respect to time relative to corre-
sponding variations in an alternating current
input signal, and which is operative in a sec-
ond form to produce an alternating current out~
put sighal exhibiting amplitude variations which
are retarded with respect to time relative to
corresponding alternating current input signal
variations.

A still more specific object of the invention is to
provide a shifting device of the type specified
which is. well adapted in the aforementioned first
form to produce advanced or anticipatory output
signals useful in providing anti-hunting effects
in automatic control devices of the self-balancing
electric type. = A different but equally specific ob-
ject of the invention is to provide a shifting de-
vice of the specified type which is well adapted
in the aforementioned second form to produce
retarded or delayed output signals useful in pro-
viding lag effects in automatic control devices
of the electrical analogue type.

An even more specific object of the present in-
vention is to provide a novel shifting device of
the tyve specified which is characterized by its
simplicity and use of only a small number of
components. To this end, the present inven-
tion provides a novel shifting device wherein s
single synchronous switching device having a
single- movable contact performs both the rec-
tifying and the modulating functions required in
a shifting device of the type specified. .
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An additional specific object of the invention is
to provide a shifting device of the type specified
wherein the shifting function provided thereby
is controllable in a simple and effective manner
in both the signal advancing and signal retard-
ing forms of the device. To this end, the in-
vention provides g suitable variable condenser in-
cluded in the novel shifting device thereof.

To the end of fulfilling the above enumerated
objects, the novel shifting device of the inven-
tion comprises a shifting circuit having an in-
put portion, an output portion, and electrical
shifting components, including a condenser,
connected between said portions. The condenser
may be fixed or variable, depending upon whether
fixed or variable shifting effects are desired. The
shifting device further comprises a pair of in-
but terminals adapted to have applied there-
between an alternating current input signal ex-
hibiting amplitude variations which occur at
rates substantially lower than the frequency of
the input signal. When the input signal is, for
example, the output voltage of an alternating
current bridge circuit, these signal amplitude
variations will correspond to excursions of the
bridge civeuit from and toward the balanced con-
dition, )

Also included in the described shifting device
is a synchronous switching device having a rec-
tifying portion including a movable contact and
a first cooperating stationary contact, having
a modulating portion including the movable con-
tact and a second cooperating stationary con-
tact, and having a driving portion operative,
when supplied with energizing current, to move
the movable contact into and out of engage-~
ment with each of the stationary contacts, alter-
nately, at a rate corresponding to the frequency
of the current supplied to the driving portion.
Means are provided for connecting the driving
portion of the switching device to g suitable
source of energizing current which is in syn-
chronism with the input signal. In practice, the
frequency of the input signal and energizing cur-
rent is usually sixty cycles per second or four
hundred cycles per second. :

Included further in the shifting device being
described are connections between the afore-
mentioned input terminals and input portion
which include the rectifying portion of the
switching device, whereby the rectified form of
the input signal is applied to the input portion.
Also included in the shifting device are a pair
of output terminals and connections between the
latter and the aforementioned output portion
which include the modulating portion of the

" switching device, whereby there appears between
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the output terminals an alternating current out-
put signal exhibiting variations in amplitude
corresponding fto input signal amplitude varia-
tions but. shifted in time with respect to the last
mentioned variations. -

In the form of the shifting device where the

[

output signal variations are caused to be ad- -

vanced, the values and connections of the shift-
ing circuit components are so chosen as to ac-
complish this, and the resulting output signal
is an anticipatory one, well adapted for provid-
ing anti-hunting or damping effects in control
apparatus including, for example, the aforemen-
tioned bridge circuit and means under the con-
trol of the shifting device output signal for main-
taining the bridge circuit balanced under vary-
ing bridge circuit conditions.

Tn the form of the shifting device where the
autput. signal variations are caused to bhe re-
tarded, the values and connections of the shift-
ing circuit components are again se chosen as to
accomplish the desired result, and the resulting
output signal is a lagging or delayed one, well
adapted to provide lag effects in an electrical
analogue device including the shifting device
connected hetween a simulated source of heat
energy, for example, and a simulated load.

Tn each of the above forms and examples, the
condenser included in the shifting ecircuit may
be made variable if desired, whereby the anii-
hunting action of the first example will be con-
trollable, as will the time lag action of the sec~
ond example.

As will be brought out hereinafter, the in-
clusion in the described shifting device of a single
switching device having a single movable con-
tact for accomplishing beth the required recti-
fying and modulating funetions provides a novel
device exhibiting outstanding features of sim-
plicity, reliability, compactmess, and economy
which, nevertheless, functions to produce resulis
which are equal, if not superior, to these hereto-
fore obtained from muech more highly compli-
cated, bulkier, and costlier apparatus. The im-
portance of this fact is particularly significant
in instances where the shifting deviee is em-
ployed in conjunciion with automatic aircraft
control apparatus carried by the aireraft and
matched to the characteristics thereof by the
shifting device.

The various features of novelty whieh charac-
terize my invention are pointed out with par-
ticularity in the claims annexed to and forming
a part of this specification. For a better under-
standing of the invention, however, its advantages
and specific objects obtained with its use, ref-
erence should be had to the accompanying draw-
ings and descriptive matter in whieh are illus-
trated and described preferred embodiments of
tha invention.

Of the drawings:

g, 1 is a circuit diagram hroadly illustrating
the shifting device of the present invention;

Fig. 2 is a circuit diagram of a typical self-
balancing bridege circuit conirel apparatus em-
bodying the shifting device of Fig. 1 in its signal
advancing form for gnti-hunting purposes;

Wig. 3 is a circuit diagram of a modification of
the shifting device of Fig. 2;

Fig. 4 is a block diagram of a typical aircraft
control apparatus of the autopilot type embody-
ing the shifting device of Fig.2or3;

Fig. 5 is a block diagram of a typical electronic
analogue apparatus embedying the shifting de-
vice of Fig. 1 in its signal retarding form in two
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portions, both of which simulate heat lags in a
simulated heating system; and

Fig. 6 is a circuit diagram showing in detail one
of the heat lag simulating portions of the appa-
ratus of Fig. 5.

In Fig. 1, I have illustrated diagrammatically
the novel shifting device of the present inven-
tion in its broad, general form. As shown, the
shifting device of Fig: 1 comprises a shifting cir-
cuit {, shown in block form, having an input
portion connected internally between an input
terminal 2 and a common terminal 3, and having
an output portion.connected internally between
an output terminal 4 and the common terminal
3. Included also in the Fig. 1 device is a syn-
chronous switching device § which includes a
movable contact member 6, a first stationary
contact T, 2 second stationary contact 8, and a
driving portion consisting of an opersting wind-
ing 9 and a2 permanent magnet 19. The switch-
ing device 5 is of a conventional and well known
form, and may well be of the type diselosed in
the Side Patent 2,423,524. Since the switching
device § is fully described in said Side patent,

5 and is well known as to both construction and

operation in the art, it appears to be sufficient
to state herein merely that, when the operating
winding 2 is supplied with alternating energizing
eurrent, the winding § and permanent. magnet (9
cooperate to cause the movable contact 6-to move
in synchronism with the alternating energizing
current between a first position, in which the
contact § engages only the stationary contact 1,
and & second position, in which the contact B
engages only the stationary contact 8. Accord-
ingly, when the device § is in operation; the
movable contact §-is moved into and out.of en-
gagement with each of the stationary contacts
7 and 8, alternately, at a rabe correspending to
the frequency of the alternating energizing cur-
rent.

The Fig. 1 shifting device of the present inven-
tion also includes a first input terminal I, a
second input terminal 12, a first output termi-
nal {3, and a second output terminal 14, The in-
put terminal {1 is connected through a resistor
{5 to the input terminal 2 of the shifting circuit
{, while the input terminal t2 is directly con-
nected by a common conductor 16 to the output
terminal {4 and to the common terminal 3 of the
circuit {. The movable contact 6 of the switeh-~
ing device 5 is also connected to the conductor
{§. The output terminal 4 of the cireuit { is
connected through a blocking condenser 7 to
the output terminal 3 of the apparatus. :

The contacts 8 and T of the device § constitute
a rectifying portion of the latter. To this -end,
the contact T is connected by & conductor {8 to
the input terminal-2 of the cireuit {. :According-
1y, it can be seen that:-the contacts 6 and T are
connected aeross the input portion of the circuit
{ which in turn is:eonnected internally between
the terminals 2 and 2.

The contacts § and & of the device § constitute
a modulating porticn thereof, and, to this end,
the contact 8 is connected by a conductor 18 to
the output terminal & of the cireuit (. It is ap-
parent, therefore, that the contacts § and 8 are
connected across the output portion of the cir-
cuit | which in turn is internally connected be-
tween the terminals 3 and 4.

As will be more fully described in detail here-
inafter in connection with the preferred emkodi-
ments of the shifting :device of Fig. 1, the latter
is operative to produce betweern the output termi- .
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nals 13 and 14 and alternating current output
signal which exhibits amplitude variations cor-
responding to amplitude variations in an input
signal applied between the terminals {1 and 2.
Due to the action of the shifting eircuit {, how-
ever, the output signal variations are shifted with
respect to time relative to the corresponding in-
but-signal variations. That is, a change in the
magnitude of the input signal between the termi-
nals Il and 12 causes a change to take place in
the magnitude of the output signal hetween the
terminals (3 and {4 at some other predetermined
time. Accordingly, the effect of the Fig. 1 shift-
ing device on input signals applied thereto is to
convert the signals into output signals exhibit-
ing effects which are advanced or retarded as to
their time of occurrence with respect to cor-
responding effects appearing in the input signals.

In general operation, the operating winding 9
of the device 5 is supplic 1 with alternating ener-
gizing current which is of the same frequency as
the input signal applied between the terminals
i1 and 12, and which is in synchronism with this
input signal. Accordingly, there is provided be-~
tween the terminals 2 and 3, and across the input
portion of the circuit {, a pulsating unidirectional
signal which is the half-wave rectified form of
the inpuf signal applied between the terminals {1
and 12, The unidirectional signal produced be-
tween the terminals 2 and 3 is acted cn and modi-
fied by the components included in the shifting
circuit 1, and the resulting modified form of the
unidirectional signal appears between the termi-
nals 3 and 4, across the output portion of the
eircuit 1,

The modulating action of the synchronously
operated contacts 6 and 8 of the device 5 imparts
an alternating current component to the unidi-
rectional signal appearing hetween the termi-
nals 3 and 4. Due to the action of the blocking
condenser {7, it is this alternating component
only which appears between the output termi-
nals {3 and {4 of the apparatus ag the alternat-
ing current output signal thereof.

Because of the synchronous operation of the de-
vice 5, the alternating current output signal so
produced is of the same frequency as the input
signal impressed between the terminals 1{ and
12. The relatively rapid variations or alterna-
tions in the input signal which impart to the lat-
ter its alternating characteristics are not signi-
ficantly affected by the operation of the shifting
device. Insiead, these alternations may con-
veniently be thought of as those of a carrier fre-

quency, and it is only the relatively lower fre- :

quency or slower variations in the input signal
which have their effects significantly advanced
or retarded by the apparatus. This is true since
the values of the components of the shifting cir-
cuit | are so chosen as to be operative to shift ef~
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variations which oceur at rates substantially low-
er than the carrier frequeney of the input signal.
The resistor 15 prevents excessive loading of the
source providing the input signal between the
terminals il and 12,

From the above description it is evident that
the contacts 6§ and 7 constitute a synchronous
rectifying device which removes the alternating
current carrier frequency from the input signal
beween the terminals 11 and 12 before the unidi-
rectional or rectified form of this signal is ap-
plied to the circuit {. Similarly, it can be seen
that the contacts 6 and 8 constitute a synchro-
nous modulator operative to restore the alternat-

a3

winding 37, and a rotor 38.

6

ing current carrier frequency to the modified out-
put of the circuit f. Accordingly, the switching
device § serves as both a synchronous rectifier
and a synchronous modulator in the apparatus of
Fig. 1.

The novel device of Fig. 1 has been termed a
shifting device since it is operative either to ad-
vance or retard the effects of input signal varia-
tions, depending on the values and connections
of the components constituting the shifting eir-
cuit I. The broad shifting device of Fig. 1 will
be described in detail in its signal advancing
form in connection with the apparatus of Fig. 2
and that of Fig. 4, and will be described in detail
in its signal retarding form in connection with
the analogue apparatus of Figs. 5 and 6.

In Fig. 2, I have llustrated in partial block dia-
gram form a preferred embodiment of the novel
shifting circuit of Fig. 1. The arrangement illus-
trated in Fig. 2 is an auiomatic control device of
the well-known electronic self-balancing Wheat-
stone bridge form, and is shown as being of. the
type illustrated and described in the Wills Patent
2,423,540. The novel signal shifting device of Fig.
1 has been embodied in its signal advancing or
anticipatory form in the self-balancing Wheat~
stone bridge control arrangement for the purpose
of providing desirable anti-hunting effect there-
in. BSince the electronic self-balancing control
arrangement per se is now well known in the art,
and is more than adequately deseribed in the
aforementioned Wills patent, only a brief de-
scription of this apparatus appears to be required
herein,

The apparatus of Fig., 2 comprises a Wheat-
stone bridge circuil, generally designated at 20,
including a temperature-sensitive resistance
thermometer element 21, a bridge arm resistor 22,
and a rebalancing slidewire resistor 28. The lat-
ter has a movable contact 24 which constitutes
one output terminal of the hridge 20. One end
of the resistance thermometer element 21 is con-~
nected to one end of the resistor 22 to form the
second output terminal 25 of the bridge 28. The

? remaining end of the element 21 is connected to

one end of the slidewire vesistor 23 to form a
bridge input terminal 26, and the remaining end
of the resistor 22 is connected to the other end
of the resistor 23 at a second bridge inpui ter-
minal 27.

In addition to the shifting device to be de-
scribed in detail hereinafter, the Fig. 2 apparatus
also includes an electronic amplifier and motor
drive device 28 having input terminsls 22 and
30, output terminals 3! and 32, and energizing
terminals 33 and 34. The apparatus further in-
cludes a reversible electric motor, generally desig-
nated at 35, having a contro] winding 38, a power
Finally, the Fig. 2
arrangement includes a bridge ensrgizing trans-
former 39 having a primary winding 49 and a
secondary winding 41, and a transformer 42 op-
erative to energize the shifting device and includ-
ing a primary winding 43 and secondary wind-
ing 44. The elements 20, 28, 35, and 39 are of
the same types as the corresponding elements
shown and described in the aforsmentioned Wills
patent, and function and cooperate exactly as
do the corresponding elements in the last men-
tioned patent.

The shifting device of Fig, 1 is included in the
Fig. 2 apparatus and is gererally designated at
48 therein. As shown, the device 45 includes all
of the elements { through {2 of the Wig. 1 device,
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angd n addition mcludes variotty shifting comi-
Ponents eonstituting the shifting civeuit- f. Spe-
cifically, the shifting cirewit { of Fig. 2 includes
& resistor 46, a resistor 41, and a condenser 48
connected hetween the terminals 2, 3, and 4 of
the shifting circuit . "The values #nd connec-
tions of the components 46, 47, and 88 are so
chosen, as will be explained hereinafter, that the
device 45 provides desirable anticipatory cutput
sighals for the burpose of securing the aforemen-
tioned anti-huniing effects in the Fig. 2 control
arrangement.

The various abeve-described elements are in-
terconnected in the following manner. The in-
put fermitial 26 of the bridge 20 is connected by
a conductor 4% to one end terminal of the sec-
ondary winding 44 of the transformer 39, while
the other bridge input ferminal 27 is' connected
by a condimtor 5¢ to the remaining end terminal
of the winding 41, The output terminal of the
bridge 28 which ig formed by the slidewire con-
tact 24 is connected by g conductor 51 to the
input termingl 1§ of the shifting device 45, while
the remaining bridge output terminal 25 is con-
nected by a conductor 52 to the remaining input
terminal 2 of the device 45. The output ter-
minal 1§ of the Iatier is connected to: the input
terminal 29 of the electronic device 28 by means
of a conductor 53, and the remaining output ter-
minal t§ of the device &% is connected by a con-
ductor 5% to the remaining input terminal 30 of
the device 23.

The power winding 3§ of the motor 35 is con-
nectfcd between the output terminals 3¢ and 32
of the electronie device 28, and the energizing
terminals 53 and 34 of the Iatter are connected
by respective conductors 65 and 58 to respective
electrical supply conductors 51 and 58: The lat-
ter two conductors are operative to supply to the
apparatus alternating energizing current of con-
ventional vcltage andg frequency. The motor
power winding 37 is connected across the supply
conductors 57 and 53 in series with g sutiable
condenser 59 as in the aforementioned Wills
patent.

The rotor 38 of the motor 35 is connected by a

suitahle mechanical linksge 60 to the movable
contact 24 of the slidewire resistor 23 of the bridge
28, whereby rotation of the rotor 38 provides cor-
responding adjustments of the contact 24 along
the length of the resistor 23. The linkage 80 has
a pontrol portion 61 which is operative to trans-
mit suitable motions to a confrol device, not
shown, whereby the control device is actuated in
the known manner in accordance with the posi-
tion of the slidewire contact 24 as determined by
operation of the motor 285. Since the aforemen-
tioned Wills patent Mlustrates suckr a typical con-
trol device controlled by apparatus substantially
identical, except for the device 45, to the ap-
paratus disclosed in Fig. 2 herein, it is believed
to be unnecessary to show such a control device
in detail herein.
. The operating winding 9 of the synchronous
switching device 5 of the shifting device 45 is
subplied with alternating enhergizing current from
the transformer 42. To this end, the winding 9
Is connected by conductors 62 and 63 across the
secondary winding 44 of the transformer 42. The
primary winding 48 of the latter, as well as the
primary winding 40 of the transformer 39, is con-
nected across the supply conductors 57 and 58.

In the operation of the Fig. 2 apparatus, mo-
mentarily neglectinig the: anti-hunting action
provided by the shifting device 45, the tempera-
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ture to which the resistance thermometer ele~
ment 2{ is subjected determines the resistance of
the latter and hence controls the state of balance
of the bridge circuit 26. When the latter is bal~
anced, the contact 24 will be at a position aleng
the slidewire resistor 23 corresponding to the
then~existing temperature measured by the efe-
ment 21, and no bridge output signal will appear
between the conductors 51 and 52, Under tHis
condition, no input signal will be applied to the
input terminals 29 and 30 of the electronic ampli~
fler and motor drivé dsvice 28, whereby, as Is
described in detsil in the aforementioned Wills
patent, the rotor 38 of the motor 35, and henee
the contact 24, will not be urged to move in either
direction, but will be maintained stationary.
This condition will prevail until a change oceurs
in' the temperature measured by the element 27.

By way of illustration, it may be assumed that
the temperature meagured by the element 21 is
the temperature of a furnace or similar device,
not shown, to which fuel is supplied at @ rate
determined by the control means actuated in
turn by the linkage 81 and the motor 35. In such
a control arrangement, for the balanced bridge
condition just described, the motor 36 and link- _
age 61 will have adjusted the rate of fuel supply
to the furnace or other device to the value neces-
sary to maintain the measured temperature at
some predetermined value.

Upon the occurrence of a change in the tem-
perature measured by the element 21, the bridge
circuit 26 will become momentarily unbalanced,
and a corresponding unbalance bridge outpud
signal of suitable phase and magnitude will' ap-
pear between the conductors 5+ and: 52. Again
momentarily neglecting the action of the shiftihg
device 48, the bridge output signal will be~_ ap-
blied in unmodified form as an input signal be-
tween the terminsgls 29 and 39 of the device 28,
and the latter will then Pe operative to supply
to the motor eontrol winding 36 a control sigral
operative to cause rotation of the rotor 38 in
the direction and to the extent required to move
the slidewire contact 24 alonig the slidewire re-
sistor 23 to a new position in which the bridge
20 is once again balanced. The motion thus
given to the contact 24 will also be imparted to
the control device through the linkage §1, where~
by the aforementioned fuel supply rate will be
changed as necessary to return the measured
temperature to the initial, predetermined value.

When control apparatus of the type shown in
Fig. 2 operates in the manner just described,
the high sensitivity of the electronic apparstus
and the high speed with which rebalancing and
control acticns are effected often cause undesir-
able hunting or overshooting actions to oceur.
That is, while moving the contact 24 into a new
balance position following unbalance of the
bridge 20, the motor 35 may tend. to coast sub-
sequent to its deenergization, thereby causing
the contact 24 to be driven further along the
resistor 23 than is actually necessary. ‘This then
broduces reverse rotation of the rotor 38 and
tends to establish a cyclic, hunting action which
may continue for some time, and which usually
is highly undesirable, inasmuch as the oscillatory
movements of the contact 24. are. also imparted
to the control means through the linkage §&.
Accordingly, it has been found highly desirable,
and in a number of cases imperative, to include
in apparatus of the type shown. in. Fiz. 2 suitable
damping or anti-hunting means for eliminating
or at least substantially reduring the ocourrexme
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of avershooting and consequent hunting with
its disadvantageous results.

It is for the purpose of providing such an anti-
hunting action that the novel shifting device 43
of the present invention is included in the con-
trol apparatus of Fig. 2. As shown, the output
signal from the bridge 20 is applied to the input
of the device 28 through the shifting device 45
so that the latter can modify the input signal
to the device 2§ as necessary to provide the de=
sired anti~-hunting function.

The manner in which the shifting device 45
is operative to shift with respect to time effects
of changes in the bridge output signal so as to
provide an anticipatory output signal for appli-
cation to the device 25 will now be described.
As shown in Fig, 2, the resistor 18 is connected
between the input terminal 2 and the output ter-
minal 4 of the shifting circuit {, while the con-
denser 48 is connected i parallel with the re-
sistor 4§ between the last mentioned terminals.
In addition, the resistor 47 is connected between
the output terminal 4 and the coemmon terminal
3 of the civecuit f. For burposes of illustration,

let it first be assumed that the bridge 28 is in the 2

halanced condition and that the measured tem-
perature is at the. desired, predetermined value.
As noted previously, there will be no input signal
to the device 45 under this condition, and, con-

sequently, there will be no input signal applied ¢

to the device 28. Assuming that this condition
has prevailed for a sufficient length of time, it
can be seen that there will he no significant
charge on the condenser 48, and that there will
be no significant current flow through the re-
Since the condenser {7
is merely a blocking condenser, no attention need
be paid to its charging and discharging in the
present analysis. The absence of any current
flow through, or voltage drop across, the resistor
47 .dictates, therefore, that there is no outpub
signal applied to the input of the device 28 under
the assumed balanced condition.

Let it now e assumed for illustrative purposes
that the temperature measured by the element
21 :starts to change at a rate which exceeds the
maximum rebalancing rate of the apparatus,
whereby unbalance of the bridge 20 occurs.  Im-
mediately upon such unbalancs, a corresponding
input signal will be applied between the termi-
nals [{ and 12, this signal increasing in mag-
nitude as the extent of bridge unbalance in-
creases. Since the condenser 48 is uncharged
at first, it will mementarily appear, in effect, to
be a short-circuit across the resistor 48, whereby
substantially the entire signal applied between
the input terminals i and {2 will appear be-
tween the output terminals 13 and (4. The sig-
nal between the last menticned two terminals
will, of course, be applied between the input
terminals 29 and 80 of the device 28, whereby
the latter will be actuated as necessary to pro-
duce a large motor drive signal which in turn
will be effective in getting the motor 35 into oper-
ation for the purpose of rebalancing the bridge
circuit.

- However, the condenser 48 will start to charge
at the instant that the input signal is applied
between the terminals (! and 12, whereby the
short-circuiting effect of the condenser 48 on
the resistor 46 will start to decrease as the con-
denser charges. As this occurs, a voltage drop
will build up across the condenser 48 and resistor

46 which will have the effect of reducing the

magnitude of the portion of the input signal
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which appears across the resistor 47 and between
the output terminals {3 and i4. The condenser
43 is able to be charged in this manner because
of the fact that the signal between the terminals
2 and 3 is a unidirectional one, due to the afore-
mentioned synchronous rectifying action of the
contacts 6 and 7 of the switching device 5. . Sim-
ilarly, the voltage drop across the resistor 47
is provided with an alternating current compo-
nent of the same irequency and phase as the
alternating current input signal by virtue of the
aforementioned synchronous modulating action
of the switch contacts 6 and 8. As noted above,
it is this alternating component which con-
stitutes the output signal from the device 45
which is applied between the input terminals 29
and 39 of the device 28.

As noted above, the magnitude of the output
signal from the device 4%, as applied to the input
of the device 28, will be decreased progressively
as the condenser 48 becomes charged, even though
the input signal to the device 4% may still be in-
creasing. Finally, however, an equilibrium con-
dition will be reached momentarily wherein the
magnitude of the bridge output signal will level
off at some finite value, due either to the rate
of the rebalancing operation produced by. the
motor 35 and slidewire resistor 23 having reached
the rate of temperature change, or to a decrease
in the last mentioned rate. In any event, the
magnitude of the input signsl applied to the de-
vice 28 will at this time be significantly lower than
the magnitude of the. bridge. output signal, due
to the voltage drop which will have developed
across the resistor 46. ’ :

An analysis of the above described operation
clearly shows that the device 45 functions to pro-
duce an alternating current output signal ex-
hibiting amplitude variations which are advanced
with respect to time relative ‘to corresponding
variations in an applied alternating current in-
put signal. Specifically, it can be seen from the
above description that the output signal of the
device 45 is made to have its maXimum ampli-
tude at an appreciable time before the corre-
sponding input signal reaches itg maximum am-
plitude.  In other words, the effect of the input
signal increase above. described is shifted ahead
or advanced with respect o time so that the
output signal is subjected to g variation which
causes this signal to reach. itg maximum value
earlier than does the input signal. Although such
an advanced signal is not strictly an anti-hunt-
ing signal as applied to the completion of a re-
balancing operation, such a signal is, neverthe-
less, an anticipatory signal, and serves the im-
portant function of pbroviding a so-called “rate
action,” whereby the rebalancing motor in ap-
baratus of the type being described is subjected
to a maximum driving effect at a time before an
unbalance signal has had the opportunity to in-
crease to its maximum value. Such operation is of
especial advantage in control apparatus of the
type disclosed herein, since it functions to pre-
vent the changing value of a controlled condition
from getting ahead of the necessary control- ac-
tion required to return the condition to its pre-
determined value, T

Although in practice the changes which oc-
cur in controlled variables such as the temper-
ature measured by the element 2§ do not neces-
sarily oceur in the extensive manner outlined in
the above illustrative description, the latter does
serve to illustrate the basic operation of the de-
vice 45, and shows that anticipatory effects are
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produced by the device 45. It is egually true,
however, that other, different rates and extents
of temperature change will also cause the device
45 to produce desirable anticipatory output sig-
nals which in each case will be commensurate
with the input signals producing them.

Continuing the description of the operation of
the shifting device 45, let it now be assumed that
the temperature measured by the element 21 has
reached some constant value, but that the bridge
circuit 28 is still substantially unbalanced due to
the aforementioned temperature change. The
bridge output signal caused by bridge unbalance
will be producing an input signal to the device
28, and the latter will be causing the rebalancing
motor 35 to drive the slidewire contact 24 toward
the new bridge balance position. A suitable volt-
age drop will be present across the resistor 46,
due to the charged condition of the condenser 48.

Under the condition being considered, the re-
balancing action effected by the motor 35 and
contact 24 will be operating to bring the bridge
circuit 26 back into the balanced condition, and
will, therefore, be causing the bridge output sig-
nal to decrease at some rate. Because of the
charged condition of the condenser 48, the out~
put signal from the device 45 will be decreasing
at a more rapid rate than that at which the in-
put signal is decreasing, as can readily be seen
by noting that the output signal will reach its
zero value at a time substantially before the in-
stant at which the bridge output signal will be
decreased to its zero value as pbridge balance is
finally reached. An inspeetion of the circuit of
the device 45 clearly shows that the voltage drop
across the resistor 48 will cause the signal applied
to the input of the device 28 to reach zero while
the bridge output signal is still of some finite
value. Here again it is evident that the shifting
device &5 provides an output signal of anticipa-
tory nature exhibiting amplitude variations
which are advanced in time with respect 1o cor-
responding input signal variations.

The manner in which the anticipatory nature
of the output signal of the device 45 provides a
desirable anti-hunting effect is believed to be ob-
vicus. Suffice it to say that the reduction to zero
of the input signal to the device 28 prior to the
attainment of balance in the bridge circuit 20
prematurely deenergizes the rebalancing motor
35 so that the inherent inertia of the motor rotor
38 and associated linkages and elements is then
operative to cause the slidewire contact 24 to
coast into the position necessary for bridge bal-

ance without the occurrence of overshooting and

consequent hunting which would otherwise oc-
cur if the motor 35 were not deenergized until
bridge balance was actually reached. Viewing the
situation from another angle, it can be seen.that
the anticipatory action of the device 45 provides
an anticipatory balance poing at.a time before
actual bridge balance is reached, whereby the in-
ertia of the rebalancing mechanism is then op-
erative to bring the bridge into the true balance
point instead of causing this point to be over-
shot.

In addition to the operation just described, un~
der certain conditions of unbalance, the voltage
drop across the resistor 46 will be operative ac-
tually to reverse the instantaneous polarity of the
input signal to the device 28 with respect to the
bridge output signal. This will occur when the
magnitude of the voltage drop across the resistor
46 exceeds the magnitude .of the bridge .output
signal, due to the charge-storing action of the
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condenser 48. Such a signal of reversed poldrity
will, of course, appear to the device 28 to be a
signal indicative of bridge unbalance in the op-
posite direction. Such a signal will, therefore,
cause the device 28 to energize the motor 35 for
rotation in the direction opposite to that in whieh
the motor is already rotating in the then-existing
rebalancing operation. Such reverse energiza-
tion of the motor §5 will obviously assist the nor-
ma]l frictional losses in the rebalancing meecha-
nism to bring the movement of that mechanism to
2 suitable stop more quickly than when the input
signal to the device 28 is merely reduced to zero
but is not reversed.

since the operation just described generally
takes place in the presence of a rapidly decreas-
ing bridge unbalance output signal, the addi-
tional restraining force exerted on the rebalanc-
ing mechanism is produced at a time when it is
most needed. This naturally econtributes sub-
stantially to the effectiveness of the anti-hunting
function obtained by virtue of the operation of
the shifting device 45.

From the above, it should be readily apparent
that the novel shifting deviceof the present in-
vention in its signal advancing, anti-hunting
form 45 provides a highly desirable operative
effect in the control apparatus of Fig. 2 while
embodying but a minimum of components con-
nected in a relatively simple cireuit arrangement.
The inclusion in the deviee 45 of only one switch-
ing device for accomplishing both the signal rec-
tifying and modulating functions by means of
but a single movable contact member and two
cooperating stationary eontact members provides
2 highly useful device of novel form which ex-
hibits outstanding features of simplicity, reliabil-
ity, compactness, and economy. As should be
readily apparent, the device 45 is one which can
easily and convenienily be connected into an
existing alternating current type control appara-
tus circuit so as to provide in the latter anti-
hunting effects heretofore obtainable only from
much more highly -complicated, bulkier, and
costlier apparatus. . Thus the novel shifting de-
vice of the present invention in its signal advanc-
ing form provides anti-hunting functions in
alternating eurrent energized control circuits in
a novel, simplified manner requiring the use of &
minimum of components connected in a simpli-
fied and easily constructed, compact unit.

An additional feature of the shifting device 45
is that the condenser 48 may be made adjustable
or variable, if desired, to provide & means for
adjusting the magnitude of the signal advancing
or anticipatory effect produced by the device.
By utilizing a condenser 48 which is capable of
adjustment, the shifting device 45 can be ad-
justed to have the necessary characteristics cor-
responding to the characteristics of the particu-
1ar control apparatus with which the device 45 is
to be used. Suitable elements of the circuit 1,
other than the condenser 48, may be made vari-
able if desired.

There is illustrated in Fig. 3 a modification of
the shifting device 45 of Fig. 2 which includes a
filtering circuit not included in the Fig. 2 ap-
paratus. Specifically, the device of Fig. 3 has

cen designated by the reference character 64
and includes a filter reactance or choke 65 which
is inserted in the conneciion between the end of
the resistor 15 connected to the conductor i8 and
the input terminal 2 of the circuif i. A filter
condenser §6 is connected in Fig. 3 between the
terminals 2 and 3 of the circuit 1, and:this conm.

——
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denser cooperates with the filter choke 65 to pro-
vide a filtering action on the pulsating unidirec-
tional current which results from the operation
of the rectifying contacts § and 7 of the switch-
ing device 5 on the alternating eurrent input
signal supplied between the input terminals 11
and 12. The modified circuit shown in Fig. 3
contains all of the elements | through (9, 46, 47,
and 48 of the Fig. 2 apparatus in addition to the
filter components 65 and 6§ just described. The
filtering action provided by these filter compo-
hents in the Fig. 3 apparatus provides a unidirec-
tional signal for application to the shifting eir-
cuit | which containg substantially less alternat-
ing current ripple than the corresponding signal
in the apparatus of Pig. 2. 'The use of a well-
filtered signal for application to the condenser 48
in the Fig. 3 arrangement leads to somewhat
better over-all performance of the apparatus
than is obtained with the Fig. 2 arrangement,
since the wave form of the output signal appear-
ing between the output terminals {8 and 14 of
the Fig. 3 apparatus is of more suitable form than
that obtainable with the arrangement of Fig, 2.

In Fig, 4, I have illustrated in block diagram
form a typical aircraft control apparatus of the
autopilot type as an example of an automatic
control apparatus for use with which the novel
shifting device of the bresent invention in its

anti-hunting form has especial utility, Sinece :

the control arrangement per se shown in Fig, 4
is of a conventional design well known in the
art, and forms no part of the present invention,
no detailed explanation of the construction or

operation of this arrangement appears fo be ¢

necessary herein. Suffice it to say that the ar-
rangement of Fig. 4 includes a device §1 which
functions as a radar receiver, computer, and/or
other similar devices, and which receives and

transmits suitable radio signals by means of an

antenna array 3. The output of the device 67
is an alternating current signal which is applied
to the input of a mixer device €9, the latter also
having applied to its input circuits the output
signals of other apparatus shortly to be described.
The output of the mixer 69 is again an alternat-
ing current signal which is applied to the input
of an anti-hunting device 70 of the type disclosed
in either Fig. 2 or Fig. 3. Thus, the device 70
may take the form of the shifting device 45 of
Fig. 2, or it may take the form of the improved
shifting device 64 of Fig. 3.

The output of the anti~-hunting device 710 of
Fig. 4 is a modified alternating current signal
which bears the same relation to the correspond-
ing input signal as exists between the input and
output signals of the device 45 of the Fig. 2 ap-
paratus as described hereinbefore. The output
signal from the device 70 is applied to the input
of an autopilot device T{, the output of which is
applied to the necessary control motors which are
generally designated at 72. These motors are
mechanically coupled in the well known manner
to the corresponding various control elements of
the aircraft, not shown, in which the apparatus
of Fig. 4 is installed. A conventional follow-up
signal is fed from the output of the autopilot unit
11 to the input thereof by means of g feedback
path 13.

The Fig. 4 apparatus also includes a rate gyro
14 and a direction or attitude gyro 75. These two
gyros are actuated in accordance with the posi-
tions and/or moticns of the associated aircraft,
and their outputs are applied to corresponding
inputs of the mixer §9. The latter is operative,
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therefore, to mix the gyro output signals with the
output signal of the device 67, whereby the mixer
output signal is representative of the actual fly-
ing condition and course of the aircraft as well
as the desired or required condition and course
thereof. :

It is of course understood that conventional
means, not shown, are incorporated to prevent
undesirable interaction between the directional
gyroscope signal and the computer signal. This
may be done, for example, by mechanically or
electrically changing the direction of the stabi-
lized axis of the directional gyroscope in accord-
ance with the radio signal.

As to the operation of Fig, 4 apparatus, it need
be stated here only that the alternating current
output signal of the mixer 9 is operative to con-
trol the autopilot unit Ti ag hecessary to cause
the latter to energize the control motors 72 as
required to adjust the various controlled elements
of the aircraft in the manner necessary to main-
tain the flight of the latter along a desired
course. Departures from this course are de-
tected by the device §1 by means of either radio

5 beacon or radar or both, and such departures

cause energization of the autopilot unit 74 which
then in turn energizes the control motors 72 as
necessary to return the aireraft to said course.
The resulting chanses in flight characteristics
of the aireraft produce suitable reactions on the
gyros 4 and 5, and the output signals of the
latter operate through the mixer 69 to control
the autopilot unit 7i in g follow-up manner so
that the control actions of the motors 72 will be
in the preper direction and of the correct magni-
tude. When the aireraft has subsequently been
returned to its proper course ag determined by
the device 6%, further adjustments of the con-
trolled elements by the control motors may be
made if necessary to maintain thereafter the
broper course for the aircraft,

The anti-hunting device 70 of the Fig. 4 ap-
paratus provides an anti-hunting action in this
apparatus which is analogous to the action pro-
vided by the device 45 in the apparatus of Fig, 2.
Specifically, the device 18 of Fig. 4 supplies to the
autopilot unit 71 advanced or anticipatory signals
which are operative to stabilize the control ac-
tions effected by the control motors 72. For ex-
ample, when a turn is being made, the device 70
will cause the control motors 12 to be deener-
gized just prior to the completion of the neces-
sary adjustments of the controlled elements uti-
lized in making the turn, whereby those elements
will be brought into their correct positions by
the inertia of the moving mechanisms. From this
it can readily be seen that unstable, hunting op-
eration of the control apparatus of Pig. 4 is
avoided by the use of the device 18 in the same
manner as the device 45 of Fig. 2 renders the con-
trol apparatus thereof free from hunting effects.

From the above it is evident that the device 73
of Fig. 4 constitutes what may well be called a
Tesponse corrector for use with automatic air-
In other words, the
device 7§ constitutes means which can be properly
designed to coordinate the inherent characteris-
ties of a given automatic control system with the
inherent fiying characteristics of a given aireraft.
Further, by making the condenser 48 adjustable
or variable in the device 78, there is obtained a
compensating or coocrdinating device which can
be utilized for coordinating a given control ap~
paratus to any one of a number of different air-
craft having different flying characteristics, the
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coordination of the apparatus with each of the
different forms of aireraft peing effected in a
simple, straight-forward manner by the suitable
adjustment of the condenser 48 in the device T8.

1t should be readily apparent that the features
of simplicity, reliability, compactness, and light
weight exhibited by the novel shifting device of
the present invention make this device highly
advantageous for use in airceraft in the manner
described above where apparatus must be as
simple, reliable, compact, and light in weight as
possible without sgerificing the quality of the
operation obtained.

Fig. 5 illustrates in block diagram form a typi-
cal electronic analegue apparatus useful for the
analysis of various heating systems. The Fig. 5
arrangement is illustrated herein as one in which
+he novel shifting device of the present invention
is operative in its signal retarding form to pro-
vide desirable time delay effects. In electronic
heating system analogue apparatus, it is cus-
tomary to employ suitable devices for simulat-
ing the heat lags encountered in practice in the
systems being analyzed, and the signal retard-
ing form of the shifting device of Fig. 1 is well
adapted for use as such a heat lag simulating
device.

Fig. 5 includes a neat supply controller 15
which is analogous to & controlled boiler and bur-
ner combination or
trolled heat energy. The alternating current out-
put signal of the device 16 is applied to the input
of a heat supply amplifier 17 wherein the signal
is amplified and applied to the input of a heat
conveyance lag device
simulate the lag which occurs in practice in the
transfer or conveyance of heat from the heat
source to the heated space Or room. The device
18, which wiil be described in detail in connection
with its illustration in Fig. 6, includes the shift-
ing device of Fig. 1 in its signal retarding, time
delay or time lag form. TFor the present, let it be
stated merely that the alternating current output
signal of the device 18 is applied to the input of
a heat conveyance amplifier 79, wherein the sig-
nal is amplified and applied to a mixing device 80.

This input signal applied to the mixer 88 in a
heat supply rate signal, and is representative of
the rate of heat supply to the heated space oOr
room of the system being gsimulated. Applied also
to the input of the mixzer €8 is an alternating cur-
rent heat loss rate signal provided by apparatus
to be described hereinafter. The alternating cur-
rent outpus signal of the mixer 80 is the algebraic

summation of the heat supply rate and heat loss .

rate signals, and is applied to the input of a room
heat lag device &l. The latter is employed to
simulate heat lags associated with the particular
heated space of the simulated system and with
the particular type of heating system heing con-
sidered. The device 81 includes apparatus which
may well be jdentical to the apparatus included
in the device 18 and, therefore, includes a signal
retarding form of the shifting circuit of Fig. 1.
gince the device 81 may e assumed to be iden-
tical to the device 78, the subsequent descrip-
tion of the latter in connection with its illus-
tration in Fig. 6 will serve also to describe the
details of the device 8i.

Tor the present, let it merely be stated that
the alternating current outpub signal from the
device 81 is applied to an integrator §2 which in-
tegrates the modified heat summation signal from
the mixer 80 so as to provide an output signal
which is representative of the temperature of the

other similar source of con- &

18 which is employed %0 :
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heated space or room -of the simulated system.
This room temperature signal is utilized to actu-
ate a room temperature indicator 83, and is also
utilized to control the rate of heat output of the
device 16. Accordingly, the room temperature
signal controls the device 15 in a manner anal-
ogous to that in which the temperature of an
actual room actuates a thermostat to control the
heat output of an associated burner and boiler or
equivalent combination.

In addition to the elements described above,
the analogue apparatus of Fig. 5 also includes
various devices for introducing into the appara-
tus various signals which' are representative of
corresponding conditions whieh, in practice, ai-
fect the operation of the heating system being
simulated. To this end, the Fig. 5 apparatus in-
cludes an outside teraperature mixer 24, a con-
struction loss signal multiplier 85, an infiltration
loss signal multiplier 86, wind velocity signal
multipliers 87 and 88, a heat 1088 signal adder §8,
a solar heat signal mixer 80, and a heat loss
amplifier 1.

To the input of the mixer 84 is applied an out-
side temperature signal the magnitude of which
ig adjusted to conform to that of the outside
temperature of the simulated system. Also ap-
plied to the input of the mixer 84 is the afore-
menticned room temperature signal, and the
mixer 84 is operative fo provide an cutput sighal
which is the algebraic difference of the room
temperature and outside temperature signals.
The output signal of the mixer 84 is applied to
the input of the multiplier 25 to which is also ap-
plied a construction loss gignal the magnitude of
which corresponds to the contemplated heat loss
due io the particular type of construction of the
structure containing the heated space of the
simulated system. The output signal of the mul-
tiplier 83 represents the mathematical product
of the cubtput signal of the mixer 84 and the
construction less signal.

An infiltration loss signal is applied to the in-
put of the multiplier 86, the magnitude of this
signal being made to correspond to the expected
infiltration heat loss present in the simulated
system. To the input of the multiplier 86 is sup-
plied also the output signal of the mixer 84,
whereby the output signal of the multiplier 8§ is
representative of the mathematical product ofthe
infiltration loss signal and the output signal of
the mixer 84,

To the input of the multiplier 87 is supplied a
wind velocity signal the magnitude of which is
made to correspond to the wind velocity asso-
ciated with the structure of the simulated sys-
tem. To the input of the multiplier 87 is applied
also the output signal of the multiplier 8§, and
the output signal of the multiplier 87 is therefore
representative of the mathematical product of
the wind velocity signal and the output signal of
the multiplier 88. Similarly, the wind velocity
signal is applied to the input of the multiplier 88
along with the output signal of the multiplier 85.
The output signal of the mulsiplier 88 is repre-
sentative of the mathematical product of the
wind velocity signal and the output signal of the
multiplier 85.

The output signals of the multipliers 87 and 88
are applied to the input of the adder 83, the
output signal of which represents the algebraic
summation of the two input signals. The oui-
put signal of the adder 89 is applied to the inpub
of the mixer 89 to which is applied also a solar
heat signal the xp.agnitude of which is made to
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correspond to the solar heat expected to be asso-
ciated with the structure of the simulated appa-
ratus. The output of the mixer 28 is representa-
tive of the algebraic summation of the solar heat
signal and the output sighal of the adder 89, and
the output signal of the mixer 80 is applied to
the input of the hest loss amplifier 81, the out-
put of which is the aforementioned heat loss rate
signal which is applied to the inpuf of the mixer

Summarizing the above, it is seen from Fig. 5
that the signal representing the difference be-
tween the room and outside temperatures is ef-
fectively multiplied by the construction and in-
Tiltration loss signals, each resulting product be-
ing multiplied by the wingd velocity signal. The
resulting signal products are added together and
to.the solar heat signal, and the resultant sighal
is amplified in the heat lcas amplifier 9f and ap-
plied to the input of the mixer 86.

As to the operation of the apparatus of Fig, 5,
it 1s believed to be sufficient to state herein that
the analogue apparatus is set up to simulate a
given, desired heating system by adjusting the
magnitudes of the various input signals to corre-
spond to the magnitudes of the actual physical
conditions being simulated. As shown in Fig. 5,
the lag devices 78 and 8t are provided with ad-
Jjusting knobs 92 and 82, respectively. By ad-
Justing the knob 82 of the device 78, the magni-
tude of the time lag introduced by the device 78
can be controlled, whereby $the device 78 can be
adjusted to provide the correct degree of simu-
lated heat conveyance lag for the particular sys-
tem being studied, Similarly, adjustment of the
lag device 81 by its knob 9%’ permits the device
81 to be adjusted so as to provide the ecorrect
amount of simulated room heat lag for the simu-
lated heating system.

" After the signals representing the various ef-
fects on the simulated system have been adjusted
to desired values, and after the lag devices 78 and
8{ have been adjusted to provide the desired sim-
ulated heat lags, the operation of the actual
heating system under actual operating condi-
tions can be studied by observing the operation
of the analogue apparatus under the correspond-
ing conditions, Also, the various signals and ad-
justments of the analogue apparatus can be
changed as desired so that g study can be made
of the operation of the actual heating system un-
der various, changing conditions.

In Fig. 6 there is shown the cireuit of the
heat conveyance lag device 78 of Fig. 5 which
includes the novel signal retarding or time delay
form of the shifting device of Fig. 1. The Fig. 6
arrangement could also represent the room heat
lag device 81 of Fig. 5, since the devices 18 and
81 may be identical. Flowever, I have chosen
to lustrate in Fig. 6 the device 78, and the Fig. 6
arrangement is thevefore so identified.

. With reference to Fig. 6, it can he seen that the

eat lag device 78 includes 2 sighal retarding
or time delay circuit 93 which, as noted above,
is the shifting device of Fig. 1 in its time delay
form, The device 83 includes all of the elements
I through 19 of the Fig. 1 device, and in addition,
includes in the shifting circuit { a resistor a4,
. @ variable condenser 88, and a resistor 96. The
resistors 84 and 96 are connected in series be-
tween the terminals 2 and 4 of the cireuit {, and
the condenser 95 is connected between the ter-
minal 3 and the junction between the resistors
84 and 96. The knob 92 of Fig. 5 is shown con-
nected .by a suitable linkage 97 {o the variable
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condenser 85, whereby adjustments given to the
knob 92 adjust the capacity of the condenser
95 and hence adjust the degres of time delay to
be introduced by the device 93,

The Fig. § arrangement also inciudes an input
amplifier including an electron tube %% of the
triode type having an anode, a control grid, a
cathode, and a cathode heater. Also. included -
in the Fig. 6 arrangement is 2 coupling circuit
including an electron tube 88 of the triods type
having an anode, a control grid, a cathode, and
a cathode heater. The input amplifier and cou-.
pling circuit also include various other compo-
nents to be described hereinafter. Finally, the
Fig. 6 heat lag device 78 includes the transformer.
42 of Fig. 2 which supplies alternating energiz-
ing current to the switching device 5 of the de-
vice 83 from the supply conductors 51 and 53
in the same manner ag for the Fig. 2 arrange-.
ment. :

In the input amplifier of the Fig. 5 apparatus,
an input ferminal 108 is connected through a
coupling condenser {81 to the control grid of
the triode 88. A second input terminal | 82 is
connected o a common ground point in the ap-
paratus, as is the cathode of the triode 98, A
grid resistor 183 is conneeted between the con.-
trol grid and eathode of the triode 88 in the
usual manner,

The anode of the triode 88 ig connectad
through an anode load resistor 194 to the posi~
tive terminal of a source of anode supply volt-
age, shown in ¥Fig. 6 as a battery 185, The nega~
tive terminal of the latter is connected to ground.
A coupling condenser i858 connects the anode
of the triode 98 to the input terminal {1 of-
the lag device 93, the input terminal {2 of which
is connected to ground and hence to the cath-
ode of the tricde 8.

The output terminal 18 of the device 83 is con-
nected to the control grid of the triode 94, the
cathode of which is connected to ground through
a cathode resistor 197. A grid resistor 183 is con-
nected between the control grid of the triode
98 and ground. The anode of the triode 9§ is
connected to the positive terminal of a source
of anode supply voltage, shown in Fig, 6 as a
battery 109. The negative terminal of the lat-
ter is connected to ground.

The output of the device of Wig. § is taken
from across the cathode resistor 187, whereby the
coupling circuit functions ag a catliode feliower.
To this end, an output terminal 18 is connected
to the cathode of the triode 89, while an output
terminal {1 is connected to the grounded end
of the resistor {87. The cathode heaters of
the triodes 98 and 99 are supplied with suitable
energizing current from a suitable souree, not
shown in the drawing. : . -

In the use of the Fig. § heat lag device in the
analogue apparatus of Fig. 5, the alternating:
current output signal of the heat supply ampli-
fier 77 is applied between the input terminals-
168 and 102 of the device 18. The resulting al-
ternating current output signal from the device
T8 appears between the terminals 18 and 141
and is applied to the input of the heai convey-
ance amplifier 18 of Fig. 5. :
. In the operation' of the heat conveyance lag
device 78, the input amplifier including the triode.
98 functions in the usual manner io apprly be-
tween the terminals 11 and {2 an amplified forin
of the input signal impressed between the.input
terminals 100 and i02. By way of illustration

and example, let it be assumed that o signal of a
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given, constant magnitude is impressed on the
input terminals {0¢ and i02, wherehy a signal of
constant magnitude appears between the termi-
nals i and i2. Assuming also that this condi-
tion has prevailed for a sufficient length of tims,
it can readily be seen that the condenser 85
will have thereon a definite charge, determined
by the values of the circuit components and
the magnitude of the input signal. The latter,
through an alternating current signal, is able
to so charge the condenser 8% by virtue of the
above described synchronous rectifying action
provided by the switch contacts § and 7.

The aforementioned modulating action of the
switch contacts 6 and 8 impart an alternating
current component to the voltage appearing
across the condenser 85, which voltage is de-
termined by the magnitude of the charge on
the condenser. The blocking condenser {7 passes
to the output terminals {3 and {4 only the al-
ternating current signal component just men-
tioned, and the latter is passed from the termi-
nals 13 and 14 through the coupling circuit to
the output terminals {10 and §ii. When the in-
put signal to the apparatus is at a constant value
as just assumed, the output signal will also have
a constant value which can be made to be equal
to the input signal value by arranging the input
amplifier to have sufficient gain to make up for
signal transmission loss through the device 93.

The device 83 of Fig. 6 imposes no appreciable
phase shifting effects on the individusal alterna-
tions which constitute the normal alternating
current input signal impressed on the device.
As in the case of the shifting arrangement of
g, 2, the values of the components of the device
92 of Fig. 6 are so chosen as to cause the device
to have appreciable phase shifting effects on
only relatively slow variations in the applied
input signal.

If should be mentioned herein that either or
both of the input amplifier and coupling circuit
portions of the Fig. 6 apparatus may be omitted
under appropriate conditions without affecting
the basic time lag or time delay operation of the
device 93.

Let it now be assumed that a sudden, appre-
ciable change takes place in the input signal im-
pressed between the terminals 188 and 192, where-
by this signal increases rapidly to a new, higher
value at which it thereafter remains constant.
Because of the charge on the condenser 95 and
the electrical inertia of the condenser, the mag-
nitude of the output signal developed between
the terminals {18 and 1 {{ cannot follow the input
signal change, but can only start to increase at
a relatively slow rate, this rate being determined
by the adjusted capacity of the condenser 95,
other values remaining constant. After a certain
time, however, the magnitude of the ouitput
signal will have increased to its maximum value,
corresponding to the new, higher value of the in-
put signal. Since the time required for the out-
put signal to reach its maximum value is a func-
tion of the rate of change of this signal, it is
apparent that the time required for the effect
of a change in the input sighal to appear in the
output signal is determined by the adjustment
of the condenser 95. Accordingly, the device 93
is operative to produce an alternating current
output signal exhibiting amplitude variations
which are retarded or delayed with respect to time
relative to corresponding alternating current in-
put signal variations. The manner in which such
retarding or delaying of the effects of input signal
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changes serves in the analogue apparatus of Fig.
5 to simulate heat lags or delays in heat convey—
ance is believed to be obvious. )

From the above it should be clearly apparent
that the device 93 of Fig. 6 constitutes a simple.
and highly effective means for producing adjust-
able delay effects of desired magnitude in an
alternating current signal. It should also be
noted that elements other than the condenser 395
may be made variable if desired for the purpose
of adjusting the time constant of the shifting,
cireuit | for varying the magnitude of the time
delay effect produced thereby. It should be noted
further that the filter arrangement illustrated
in Fig. 3 may be employed in the Fig. 6 shifting
circuit if desired. )

While, in accordance with the provisions of-
the statutes, I have illustrated and described the.
best forms of my invention now known to me,
it will be apparent to those skilled in the art
that changes may be made in the forms of the.
apparatus disclosed without departing from the
spirit of my invention as set forth in the ap-
pended claims, and that in some cases certain’
features of my invention may sometimes be used
to advantage without a corresponding use of other
features.

Having now described my invention, what I
claim as new and desire to secure by Letters Pat-
n'nt is as follows:

. A device for shifting with respect to time
the effects of amplitude variations in an alter-
nating current signal comprising a shifting cir-
cuit having an input portion, an output portion,
and electrical shifting components connected be-
tween said portions and including a condenser,
a pair of input terminals adapted to have ap-
plied therebetween an alternating current input
signal exhibiting variations in amplitude, 'said
variations occurring at rates substantially lower
than the frequency of said signal, a synchronous
switching device having a rectifying portion in-
cluding a movable contact and a first cooperating
stationary contact, having a modulating por-

5 tion including said movable contact and a second

cooperating stationary contact, and having a
driving portion operative, when supplied with
energizing current, to move said movable contact
into and out of engagement with each of said
stationary contacts, alternately, at-a rate corre-
sponding to the frequency of said energizing cur-
rent, means adapied to connect said driving por-
tion to a source supplying energizing current
which is in synchronism with said input signal,
connections between said input terminals and
said input portion including said rectifying por-
tion, whereby the rectified form of said input
signal is applied to said input portion, a pair of
output terminals, and connections between said.
output portion and said output terminals includ-
ing said modulating portion, the values and con-
nections of said components of said shifting cir-.
cuit being so chosen that the latter is operative’
to apply between said output terminals an alter-
nating current output signal exhibiting variations
in amplitude corresponding to the amplitude
variations in said input signal but shifted 1n
time with respect to the last mentioned varla-
tions.

2. A device as specified in claim 1, wherem_
said input portion includes a first termmal and
a common terminal between which said rectiﬁed_
form of said input signal is applied, wherein said’
output portion includes a second terminal” and
gaid common terminal between which said shift="
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Ing cireuit impresses a unidirectional output sig-
nal, and wherein said condenser is connected be-
tween said first and second terminals, whereby
said output signal amplitude variations are
shifted ahead or advanced in time with respect
to the corresponding input signal amplitude
variations.

3. A device as specified in claim 2, wherein one
of sald shifting components is a first resistor,
wherein another of said shifting components is
8 second resistor, and wherein said first resistor
is connected in parsilel with said condenser, and
said second resistor is connected between said
second and common terminals.

4. A device as specified in claim 3, wherein

there is included a filter circuit connected be-.

tween said input terminals and said input por-
tion, whereby the rectified form of said input
signal is subjected to a filtéring action before ap~
plication to said input portion.

5. A device as specified in claim 4, wherein said
filter eircuit includes a filter reactance connected
between one of said input terminals and said
first terminal, and inciudes a Alter condenser con-
nected between said first and common terminals.

6. A device as specified in elaim 1, wherein said
input portion includes a first terminal and a
common terminal between which said rectified
form of said input signal is applied, wherein said
output portion includes s second terminal and
sald common terminal between which said shift-
ing circuit impresses a unidirectional output sig-
nal, and wherein said condenser is connected be-

tween said second and common terminals, where-.

by said output signal amplitude variations are
shifted behind or delayed in time with respect to
the corresponding input signal amplitude varia-
tions.

7. A device as specified in claim 6, wherein one
of said shifting components is a first resistor,
wherein another of said shifting components is
a second resistor, and wherein said first resistor
is connected in series between one terminal of
said condenser and said first terminal, and said
second resistor is connected between said one
terminal and said second terminal, the remain-
ing terminal of said condenser being directly
connected to said common terminal.

8. A device as specified in claim 7, wherein
there is included a filter circuit connected be-
tween said input terminals and said input por-
tion, whereby the rectified form of said input sig-
nal is subjected to a filtering action before ap-
plication to said input portion.

9. A device as specified in claim 8, wherein said
filter circuit includes g filter reactance connected
between one of said input terminals and said first
terminal, and includes a filter condenser con-
nected between said first and common terminals.

10. A device for shifting with respect to time
the effects of amplitude variations in an alter-
nating current signal comprising a shifting cir-
cuit having an input portion including a first ter-
minal and a commen terminal, having an output
portion including a second terminal and said
common termingal, and having electrical shifting
components connected between said portions and
including a condenser, a pair of input terminals
adapted to have applied therchetween an alter-

-nating current input signal exhibiting variations
in ampiitude, said variations occurring at
rates substantially lower than the frequency of
said signal, a synchronous switching device hav-
ing a rectifying portion including a movable con-
tact and a first cooperating stationary contact,
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having a modulating portion including said mov--
able contact and a second cooperating stationary
contact, and having a driving portion operative,
when supplied with energizing current, to move
said movable contact into and out of engagement
with each of said stationary contacts, alter-
nately, at a rate corresponding to the freguency
of said energizing current, means adapted to
connect said driving portion to a source supply-
ing energizing current which is in synchronism
with said input signal, a connection hetween one
of said input terminals, said first terminal, and.
sald first contact, a connection between the other
of said input terminals, said common terminal,
and said movable contact, whereby the rectified
form of said input signal is applied to said input
portion, a connection between said second ter-
minal, one of said output terminals, and said
second -contact, and a connection between said
common terminal and the other of said out-
pub terminals, the values and connections of said
components of said shifting circuit being so
chosen that the latter is operative to apply be-
tween said output terminais an alternating cur-
rent output signal exhibiting variations in am-
plitude corresponding to the amplitude varia-
tions in said input signal but shifted in time with
respect to the last mentioned variations.

11. A device as specified in claim 10, wherein
one of said shifting components is a first resistor,
wherein another of said shifting components ig a
seconq resistor, and wherein said condenser and
sald first resistor are connected together in paral-
lel between said first and second terminals, and

5 said second resistor is connected bhetween said

second and common terminals, whereby said out-
put signal amplitude variations are shifted ahead
or advanced in time with respect to the corre-
sponding input signal amplitude variations.

12, A device as specified in claim 10, wherein
one of said shifting components is g first re-
sistor, wherein snother of said shifting compo-~
nents is a second resistor, and wherein said first
and second resistors are connected in series be-
tween said first and second terminals, and said
condenser is connected between said common
terminal and the junction between said first and
second resistors, whereby said output signal am-
vlitude variations are shifted behind or delayed
in time with respect to the corresponding input
signal amplitude variations.

13. In control apparatus of the self-balancing
electronic type including a balanceable alternat-
ing current network operative o be unbalanced
by changes in the value of a variable condition
and operative, when unbalahced, to produce an
alternating current output signal having a mag-
nitude and phase respectively dependent upon the
extent and direction of network unbalance, elec-
tronic amplifying and motor control means hav-
ing an input portion to which said output sig~
nal is applied and having an output portion op-
erative to supply actuating current to a reversi-
ble electric motor for operation of the latter to
an extent and in a direction respectively depend-
ent upon the magnitude and phase of said out-
put signal, and network rebalancing means con-
trolled by said motor and operative to utilize said
motor operation to rebalanece said network when
the latter is unbalanced, the improvement com-
brising an anti-hunting signsl shifting device
electrically connected in series between said net-
work and the input portion of said amplifying
and motor control means, said device comprising
a3 pair of input terminals between which said out-
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put signal is
connected to the input portion of said amplify-
ing and motor control means, a first resistor con-
nected between one of said input terminsals and
~ first junction, a shifting condenser connected
between said first junction and a second junc-
tion, a blocking condenser connected between
said second junction and one of said output ter-
minals, 2 second resistor connected between said
first and second junctions, & third resistor con-
nected between said second junction and a com-
mon connection between the other of said input
terminals and the other of said output terminals,

a synchronous switching device having a movable

contact, fvst and second cooperating relatively,

stationary contacts, and & driving portion opera-
tive, when supplied with “energizing current, to
move said movabhle contact into and out of en-

gagement with each of said stationary contacts,

applied, & paif of outpub terminals-
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alternately, at a rate corresponding to the fre-
quency of said energizing current, means adapted
to connect said driving portion to a source sup-
plying energizing current which is in synchronism
with said output signal, a connection between said
first contact and said first junction, a connection
between said second contact and said second
junction, and a connection between said movable
contact and said common connection, whereby
said anti-hunting device is operative to effect
anticipatory, anti-hunting actions in said appara~
tus.
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