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The present Invention relates to frequency re-
ducing systems, and, more particularly, to fm-
Provements in frequency reducing systema of the
static type disclosed in Patent No. 2,008,618—
Stocker, and No. 2,088,619—-stocker, granted Au-
gust 3, 1937, .

In systems of this type, a resonant circuit is
provided which i3 tuned to o fundamental or
resonant frequency lower than that of the current
supply source. When such & resonant circuit is
periodically shock-excited, each shock excitation
" Produces in the circuit an alternating current
of the resonant frequency having an amplitude
of decreasing value due to the internal losses of
the circuit and also to the abstraction of energy
by the connected load. If, however, the periodic-
ity of shock excitation is sufficiently high, oseil-
lation of the eircuit at the fundamental or res-
onant frequency is sustained, Systems of this
form utilize & non-linear impedance element in
the form of a saturable core reactor connected
between the resonant circuit and the supply
source, as the vehicle for Periodically shock ex-
citing the resonant ciroult to sustatn itg oscilla-
tion.

Btatic frequency reducing arrangements of the
character briefly referred to above have par-
ticular utility in the telephone field where they
are utilized in the production of a ringing voltage
of Jow frequency, which is used in the signaling
of called subscriber substations. In the usual
ringing or signaling operation, a revertive or
ring-back tone signa] is transmitted to the call-
Ing substation for the burpose of informing the
calling subscriber that the called substation is
being signaled. From the standpoint of audibi]-
ity, it is preferable to use a ring-back or revertive
tone signal of a frequency higher than the fre-
quency conventionally utilized for the energiza-
tion of the standard telephone ringer. Accord-
ingly it has breviously been the practice to utilize
an fron core tone coil in the resonant circuit of
a static frequency reducing system of the char-
acter described above, this coil being designed so
that its core is saturated on each half cycle of
the current iraversing the resonant circuit,
whereby harmonics of the fundamental frequen-

vertive tone signal voltage which may be obtatned
from a static frequency reducing system In this
manner contains a limited number of harmonics
of the fundamental frequency, Is of limited mag-
nitude, and may be insufficlent to provide g read-
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ily discernible audible signal when reproduced at
the end of a long line to which the voltage is ap-
- It has also been found that the presence
of the tone coil in the resonant cireuit of a system
of this character, causes a reduction in the low
frequency output capabilities of the system due to
the absorption of the low frequency energy by the
tone coll.

It is an object of the bresent invention to pro-
vide an improved static frequency reducing 8ys-
tem wherein the above-noted difficultfes are ob-
viated.

It 15 another object of the invention to provide
an Improved frequency reducing system. of simple
arrangement, which uttlizes no moving parts and
Includes provisions for supplying low and high
frequency currents to low and high
frequency loads when energized from a source of

current having a frequency higher than that of

the low frequency output current,

It is & further object of the invention to pro-
vide an improved static frequency reducing 5y8-
tem, wherein provisions are made for augmenting
the harmonics of

voltages and the frequencies of the harmonics
supplled to the output cireuit of the system.

According to enother object of the invention,
the increase in the harmonic content of the out-
putl voltage is realized without lowering or other-
wise affecting the low frequency load carrying ca-
Pabilities of the system. ) ‘

It is still another and more specific object of
the invention to provide & static frequency re-
ducing system of the character described, where-
in a channel separate from that used to deliver
the low frequency energy to the output cireuit,
is provided for transmitting the high frequency
harmonic energy to the output eircuit.

According to a still further object of the inven-
tion, the non-linear impedance element which is
used periodically to excite the resonant circuit,
Is also utilized to augment the high frequency
components of the system output voltage. :

The invention, both as to its organization and i
method of operation, together with furher objects
and advantages thereof, will best be understood
by reference to the specification taken in connec-
tion with the accompanying drawing in which
the single figure {llustrates a static frequency re-
ducing arrangement connected and arranged in
accordance with the present invention.

Referring now more particularly to the draw-

, the static frequency reducing gystem there



fllustrated comprises a tuned resonant or oscil-
latory circult which serially includes a condenser
{2, the primary winding I8 of & transformer I3
and ‘the winding of a start relay 21. This reso-
nant cireuit is connected through the upper wind-
ing of a saturable core reactor I, a protective
device in the form of a fuse 24, and the contacts
of a circuit breaker 25 to the terminals of & source
of alternating current IC of low internal im-
pedance which may comprise any suitable alter-
nating current generator, transformer, power line,
or network, capable of supplying the necessary
power at the frequency required to operate the
system. In the illustrated arrangement of the
system, an output circuit comprising the second-
ary winding (4 of the transformer 13, is pro-
vided for delivering twenty cycle and high fre-
quency currents to the loads I8 and 18, respec-
tively. A condenser 22 of the proper size to block
the passage of low frequency twenty cycle cur-
rents, is used for transmitting the high frequency
components of the output current to the high
frequency load (9. For the purpose of adjust-
ing the magnitude of the low frequency voltage
applied to the input side of the load 18, a two-
position switch 26 is provided which may be
switched between the contacts 26b ang 28a to
include either the section Ida of the secondary
winding 14 or all of this winding in the output
circuit of the system.

To consider the resonant circuit in somewhat
greater detail, it is noted that the constants of
the condenser 12, the impedance of the winding
of the relay 2{, the effective impedance of the
transformer winding 8§, and the shunt impedance
through the reactor (4 and the source 10 are
so proportioned that this circult will resonate at
& frequency which is substantially an odd integral
fraction of the supply current frequency. In
other words, the constants of the resonant cir-
cult are so pelected that the supply current fre-
quency is an odd harmonic of the resonant fre-
. quency of the circuit. In the illustrated arrange-
ment, wherein a load requiring twenty cycle cur-
rent is to be supplied, & source 10 having a sixty
cycle output frequency may be used, and the
constants of this circuit are so chosen that the
circuit will resonate at the demanded load cur-
rent frequency of twenty cycles.

In considering the operation of the system as
thus far described, it will be understood that*if-
the switch 25 is closed, sixty cycle current is
supplied from the source {0 to the resonant cir-
cuit comprising the winding 1§, the winding of
the relay 21 and the condenser |2 through the
winding (la of the saturable core reactor Ii.
If now the resonant circuit is shock-excited in
the manner explained below, it will start to reso-
nate at its fundamental frequency of twenty cy-
cles, The resulting twenty cycle current flowing
through the winding {ia of the reactor {I com-
bines vectorially with the sixty cycle current flow-
ing through this winding, so.that once during
each cycle of the sixty cycle wave the current
traversing this winding momentarily exceeds by
a substantial amount the current value required
to saturate the reactor core. During each ex-
cursion of the current beyond the knee of the
saturation curve of the reactor, the reactance
of the reactor drops sharply to a very low value,
with the result that the current peaks sharply
at & value which is several times greater than®
the instantaneous current values prevailing in the
winding fta of the reactor during the intervals
‘geparating the peaks. These sharp transient
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peaks furnish the periodic shock excitation re-
quired to maintain the resonant circuit oscil-
lating at its fundamental frequency.

The voltage which is induced in the second-
ary winding {4 of the transformer (3 through the
coupling between this winding and the winding
15, is characterized by the fundamental and har-
monic components of the twenty cycle current
traversing the resonant circuit. This voltage is
impressed across the twenty cycle load {8 either
through the contact 28a or the contact 26b of
the switch 26. It will also be understood that
such high frequency harmonic components of
the induced voltage as appear in the secondary
winding 14 of the transformer 13 are passed
through the low frequency blocking condenser
22 and are impressed across the high.frequency
load 18.

Various ‘methods of supplying or starting a
flow of current of the desired fundamental fre-
quency in the resonant circuit may be utilized.
In the usual arrangement, a large transient volt-
age is produced in the resonant circuit which,
if of sufficient magnitude, will cause & current
of the furidamental frequency to start flowing
in the resonant circuit. This current will then
be sustained by the action of the non-linear im-
pedance element or saturable core reactor Ii
acting in conjunction with the other elements of
the circuit in the manner explained above. In
conventional starting arrangements, the magni-
tude of the starting transient is largely deter-
mined by the tuning of the resonant circuit. For
example, if a large condenser (2 is employed,
then a large charge may be stored on this con-
denser. Alternatively, if a reactor {1 having a
large inductance 1s employed, considerable en-
ergy may be stored in the magnetic fleld there-
of. If, however, these elements are small, the
energy storage capacities thereof are limlted.
Moreover, since it is the discharge of the stored
energy which produces the starting transient and
largely determines its magnitude, it will be ap-
parent that the ease of starting is necessarily
controlled to a certain extent by the tuning of
the circuit.” The most desirsble tuning for easy
starting may not be the most desirable tuning of
the circuit for sustained operation thereof after
an oscillatory condition of the circult i estab-
lished.

In the present system, a starting arrangement
is ‘employed wherein the relay 21 connects the
current source 10 through its break contacts 2ia
dtrectly to the tap (8 along the winding 5 of
the transformer (3. With this arrangement, the
condeniser 12 is charged through the winding of
the relay 24. .This relay is designed to be slightly
slow to operate so that it remains in its restored
poaition until the condenser (2 becomes fully
charged. Upon operaiing, the relay 21 opens its
break contacts 21a to interrupt the low imped-
afice path shunting the winding {le of the re-
actor 11, thus perinitting the energy stored in the
condenser {2 to be discharged through this wind-
ing. This discharge is of an oscillatory type and
has the same frequency as the fundamental fre-
quency of the resonant circuit. Thus a current
of the resonant frequency is started flowing In
the resonant circuit, which is sustained in the
manner explained above.

From the above explanation, it will be under-
stood that the voltage to which the condenser 12
13 charged during a starting operation may be
readily adjusted by changing the position of the
tap 18 along the winding 18, and thus altering the
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voltage applied to the condenser during the start-
Ing interval. Changing the position of the tap
18 along the winding 15 in no way affects the tun-
ing or operation of the circuit after a sustained
oscillatory condition of the circuit is established.
Thus the starting voltage applied to the con-
denser I2 is controlled solely by the position of
the tap (6 along the winding 15, while the tuning
of the circuit after the starting period is ended,
and with the relay 21 operated, is controlled sole-
ly by the position of the tap (7 along the winding
15. In this regard it will be understood that, by
varying the position of the tap 1T along the wind-
ing 15, the fundamental frequency of the res-
onant circult may be adjusted to the exact de-
sired value of twenty cycles.

For the purpose of augmenting the high fre-
quency content of the voltage appearing in the
output circuit of the system, the saturable core
reactor (1 {s provided with a second winding §1b
in the output circuit of the system. As indicated
above, the physical and winding constants of the
reactor |1 are such that during each cycle of the
current supplied to the primary winding ({a from
the source 10, the core of the reactor becomes
over-saturated to produce a sharply peaked cur-
rent transient in this winding. Harmonics of the
supply current frequency are thus produced in
the winding 11b by the excursions of the primary
current beyond the saturation bend of the re-
actor core saturation curve. Since the winding
tib is connected in series with the secondary
winding #4 of the transformer 13, it will be un-
derstood that the voltage appearing thereacross
combines vectorially with that across the winding
14 to be impressed across the two load circuits i8
and 19. It will also be apparent that the turn
ratio between the windings ila and 1 1b may be
selected to introduce harmonic voltages of the
required magnitude into the output circuit.

Among the advantages of the above-described
arrangement for augmenting the high frequency
components of the generated output voltage, is
that of producing in this voltage a greater num-
ber of high frequency components than are pro-
duced in the output voltages of the known sys-
tems of the prior art, wherein tone coils are used.
In this regard it’is noted that, due to the steep-
ness of the current transients produced in the
winding {la of the reactor, the voltage induced
in the winding (b of the reactor during each
such transient comprises an unusually large
number of the harmonics of the supply current
frequency. A second advantage is that of appre-
ciably increasing the low frequency output capa-
bilities of the system by reducing the losses of
the resonant circuit,

While one embodiment of the invention has
been disclosed, it will be understood that various
modifications may be made therein which are
within the true spirit and scope of the invention.

What is claimed is:

- 1, In a frequency reducing system which is
adapted to be energized by a source of alternat-
ing current of given frequency, a resonant cir-
cult tuned to oscillate freely at a fundamental
frequency which is lower than saild given fre-
quency, means including a non-linear impedance
element for energizing said circuit from said
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source of alternating current and for causing
said circuit to oscillate at its fundamental fre-
quency, an output circuit coupled to said resog-
nant circuit, and means coupled to said imped- -
ance element for introducing harmonics of said
given frequency into said output circuit inde-
pendently of the coupling between said circuits.

2. In a frequency reducing system which is
adapted to be energized by a source of alternat-
ing current of given frequency, a resonant circuit
tuned to oscillate ireely at a fundamenta] fre-
quency which is lower than said given frequency,
means including a non-linear impedance element
for energizing said circuit from said source of
alternating current and for causing said cireuit
to oscillate at its fundamental frequency, an out-
put circuit coupled to said resonant circuit, and
means including said impedance element for in-
troducing harmonics of said given frequency into
said output circuit.

3. In a frequency reducing system which is
adapted to be energized by a source of alternat-
ing current of given frequency, a resonant cir-
cuit tuned to oscillate freely at a fundamental
frequency which is lower than said given fre-
quency, means including a non-linear impedance
element for energizing said circult from said
source of alternating current ands for causing
said circuit to oscillate at its fundamental fre-
quency, an output circuit coupled to said reso-
nant circuit, and means comprising an imped-
ance element serially included in said output cir-
cuit and coupled to said impedance element for
introducing harmonics of said given frequency
into sald output circuit independently of the
coupling between said circuits.

4. In a frequency reducing system which is
adapted to be energized by a source of alternat-
ing current of given frequency, & resonant cir-
cuit tuned to oscillate freely at a fundamental
frequency which is lower than sald given fre-
quency, means including a saturable core reactor
for energizing said- circuit from said source of
alternating current and for causing said cireult
to oscillate at its fundamental frequency, an
output circuit coupled to sald resonant circuit,
and means comprising an inductance element
inductively coupled to saild reactor for introduc-
ing harmonics of said given frequency into said
output circuit independently of the coupling be-
tween said circuits.

5. In a frequency reducing system which is
adapted to be energized by a source of alternat-
ing current of given frequency, a resonant circuit
tuned to oscillate freely at a fundamental fre-
quency which is lower than said given frequency,
means including a saturable core reactor for en-
ergizing said circuit from said source of alter-
nating current and for causing said circuit to
resonate at its fundamental frequency, an out-
put circuit coupled to said resonant circuit, and
means comprising an inductance element induc-
tively coupled to said reactor and serially in-
cluded in said output circuit for introducing har-
monics of said given frequency into said output
circuit independently of the coupling between
said circuits,
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