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This invention relates to resonant differential
transformers.

As is well known, transformers of the class re-
cited comprise hollow coils or coils wound on
metal cores, with secondary coils disposed in sym-
metry with a primary coil and provided with &
relatively movable core piece or armature: The
salient characteristic of such transformers is the
creation of alternating magnetic flux in the ar-
mature by the exciting or primary coil, which, in
the balanced condition of the armature induces
equal and mutually cancelling voltages in a pair
of relatively oppositely wound series-connected
secondary coils disposed in the magnetic fiux.
Movement of the armature to a position of asym-
metry from g position of balanced symmetry rela-
tive to the primary and secondary coils creates
-unbalance in the voltages of opposite phase in the
respective secondaries, and thus a preponderating
voltage of one given phase in the output of the
series-connected secondaries. Movement of the
armature through the point of symmetry  to
asymmetrical disposition in the other direction
again creates unbalance in the voltages of oppo-
site phase in the respective secondaries, and thus
a preponderating voltage of an opposite phase
from that cf the said one phase, in the output
from the secondaries. This controlled output is
obviously susceptible to many and diverse uses.
As previously developed, however, such trans-
formers, in addition to other defects, have had
such a comparatively low order of magnitude of
output changes as to necessitate the use of ampli-
fying units in association therewith. They also
have been relatively insensitive, and have con-
sequently required appreciable movements of the
armature in order to effect useable changes in
output voltage from the secondaries. So far as
known, additionally, with such transformers it
has not been possible to effect a required change
in output voltage while holding the armature sta-
tionary relative to the coils.

It is known that in the coils of such transform-
ers the voltage difference existing between differ-
ent parts of the coil, by producing an electrostat-
ic field in the vicinity of the coil, has an effect
which is similar to that of a more or less small
capacity shunted across the terminals of the coil.
This is known as the distributed capacity of the
coil, and all previous efforts with which I am
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familiar have been toward reducing the dis-
tributed capacity of such coils, because of unde-
sired resonance points which it entails, among
other reasons., I have discovered that increasing
the distributed capacity of such coils seemingly
effects a partial resonance which modifies the ap-
parent resistance and increases the capacitive re-
actance of the coil, as viewed from the ferminals,
and- also secures resonance of a reasonable fre-
quency, and which, from practically every view-
point, effects such an increase in operating effi-
ciency as {o be startling. .

It is among the ohjects of this invention: to
improve the efficiency of resonant differential
transformers; to obviate disadvantages of the
prior art in such transformers; to provide a dif-
ferential transformer with an output of such volt-
age as to obviate the use of amplifying units or
systems; to improve the windings of coils; to pro-
yide a method of winding a coil by which the dis-
tributed capacity thereof will be increased; to
provide a resonant differential transformer with
such efficiency that the movement of a core piece
from symmetry in such transformer will effect
an output which can be indicated, measured, or
used, despite the fact that the movement is of
such minute size as to be previously unmeasur-
able; to provide a resonant differential trans-
former with a relatively movable core piece or ar-
mature by which, with a given oscillation input
to the primary, a voltage output changing line-
arly from positive to negative, through a null
point, can be secured with extremely minute
shifts in relative positioning of the core piece; to
provide a differential resonant transformer by
which the magnitude and sense of voltage output
can be varied by a mere change in frequency of
oscillation delivered to the primary thereof; to
provide a transformer assembly by which the sec-
ondary volt change in response to core movement
is tremendously enhanced over any previous
known assembly; to provide an improved device
for converting distance motion into an electrical
change; and to provide other improvements as
will become apparent as the description proceeds.

In carrying out the invention in a preferred

"embodiment, each secondary coil of the trans-

former is wound with a plurality of strands in
physieally parallel relation until the coil is suit-
ably built up, pursuant to which, the output end
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of the first strand of the plurality is brought to
series connection with the input end of the next
strand of the plurality, whereby the voltage dif-
ference between adjacent turns, and hence the
distributed capacity of the coil, is appreciably
enhanced over that existing with a single con-
tinuous turn or strand of wire.

In the accompanying drawing forming part of

this description: :
" Fig. 1 represents a transverse longitudinal sec-
tion through a transformer according to an fllus-
trative embodiment of the invention, showing in
elevation a movable armature therefor.

Fig. 2 represents a schematic diagram of the
wiring of the transformer according to the illus-
trative embodiment thereof shown in Fig. 1.

Fig. 3 represents a fragmentary dlagrammatic
section In magnified scale through one of the
secondaries of the transformer of Figs. 1 and 2,

" showing the relationship and series connections
of the illustrative plurality of strands of wire
of the coil.

Fig. 4 represents a diagrammatic curve of the
‘output of the secondaries of a typical transformer
constructed according to this invention, indicat-
Ing the linearity of the voltage change and the
magnitude thereof as functions of small core
movements.

Fig. 5 represents a schematic diagram of the
wiring of an illustratively modified form of trans-
former, utilizing a laminated core.

Referring to Fig. 1, an illustrative exemplifica-
tion of the invention is disclosed in which & uni-
tary insulating sleeve 10 is provided, having outer
boundary flanges (I and 12, for the outer edges of
the secondaries 16 and 17, to be described, and
the intermediate flanges or annular partitions
(3 and (4, defining the inner edges of the respec-
tive secondaries and the outer boundaries of the
primary coil 16. The primary or exciting coil 15
in the usual course has its terminals 8 and 8
connected to a suitable source of alternating
voltage, and usually this is of relatively fixed
frequency. One exception will be described later
herein. A secondary coil 16 is wound from left to
right between partitions {1 and (3, and is con-
nected in series with the secondary coil i1, wound
from right to left, between the partitions 12 and

" 18 on the transformer supporting cylinder or
sleeve. A floating magnetic core or armature 18
is provided, disposed internally of the sleeve (0
in the aircore or space 20 thereof. 'This is suit-
ably mounted for axial adjustment in the sleeve,
and is of such mass and-size as to have appre-
ciable electromagnetic effect. The armature is
preferably longitudinally slotted to reduce eddy
currents. Obviously, the same electrical effects
can be attained by winding both secondaries in
the same direction and simply connecting the
endings together to secure the bucking voltage
output. The transformers as previously made
before the instant invention, have had the sec-
ondary colls 16 and {7 respectively formed from
a single strand of wire, and have had limited
eficiency, as explained above.

In constructing a transformer according to this
Invention, a desired plurality of strands of wire is
provided, usually increasing in number as the de-
sirability for increased voltage differences be-
tween adjacent turns of wire becomes more evi-
dent. There may be four or more such inde-
pendent strands, to be {llustrative and not limita-
tive. For simplicity and convenience of de-
scription, however, the invention will be de-
scribed as utilizing two separate strands of wire,
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respectively A and B, for each secondary :oil 18
and I7. TMustratively, enameled copper wire is _
preferred. For convenience, a fragment of the
transformer {8, in magnified schematic disclo-
sure, is indicated in Fig. 3. The two strands are
preferably laid on together with strand A laid on
adjacent to the boundary flange i with end 19
of strand A comprising a terminal wire, and
strand B laterally juxtaposed to strand A to lie -
in a plane therewith tangential to the cylindrical
surface of the sleeve 10 during the winding.
Strands A and B are laid on in mutual parallel-
ism in one row, until the entire area of the sleeve
10 between boundary flanges I and {3 has been
covered, then the second row of plural strands
is applied, starting, illustratively, with strand B
adjacent to flange {3, etc., until the coil has been
completed, with as many rows of multiple or
plural strands as are desired. Obviously, this is
a merely illustrative type of winding, and any
random windings, interspersing layers, are per-
mitted, if substantially identical in each second- ]
ary, and as long as the two strands are mounted,
in major part at least, in co-extensive parallelism,
the ends of the invention are served, regardless
of the particular winding order or method or
shape, thickness, or dimensions of the coil form or
finished coil, or even whether the coils are sepa-
rately formed and subsequently assembled to-
gether to form the transformers of this inven-
tion.

With the coil wound as just described, the
finishing end of strand A, indicated at 21, is led
transversely across the cofl and connected in
series with the beginning end of strand B, indi-
cated at 22. The free or outer end of the latter
strand, at 24, is then led transversely across the
primary coil and connected to the starting end
25 of the strand B on coil 11. The free end of
the latter, at 26, is led to series connection with
the beginning of the strand A of coil 11, as at 21,
The free end 28 of the strand B is the other termi-
nal of the series of secondary eolls.

It will be observed that any two adjacent
strands, A and B, although physically in con-
tiguity, will be electrically spaced by substan-
tially one-half of the entire number of turns of
the coil, so that the voltage difference between
such adjacent turns will be appreciably greater
than could possibly exist between two adjacent
turns of a single continuous strand and the dis-
tributed capacity will be correspondingly en-
hanced.

It will also be understood that the particular
method or means by which such voltage differ-
ence is obtained is not ag important, perhaps, as
is the actual difference itself. Thus, although it
is preferred that the two strands be applied or
laid on the forming frame or the like simultane-
ously, in parallelism during application, this is
not in all cases essential, so that if one strand is
first applied, with suitable spacing between turns,
such spacing could be filled ultimately by the
second strand, or, indeed, by an elongated or lon-
gitudinally spaced continuation of the same
strand, laid between the turns of the first strand.
Any other mode or manner of application of the
respective strands could be resorted to for the
same end. It will also be clear that the number
of separate or independent strands could be
almost endlessly multiplied, and each strand
could have its terminal end attached to the be-
ginning end of the next adjacent strand, and the
terminal end of the latter could in turn be at-
tached to the beginning end of the next adjacent
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strand, and so on, to the end that the respective
turns of the coil could each be separated elec-
trically from physically adjacent turns by mul-
tiple turns of wire. _

It will be understood that the coaxial coil ar-
rangement of the transformer shown in Figs. 1
and 2 is purely illustrative, and that exactly sim-
llar results can be obtained in a transformer
utilizing laminated cores, as illustrated in Pig. 5.
In this illustrative case, a central core element 28
is provided, integral with the laminated core ele-
ment 38, and upon which the primary or exciting
coll 15’ is wound. - The parallel leg extensions 30
and 31 of the core are respectively wound with
the secondaries 18’ and 11’, each of which is
formed of the respective individual strands A’ and
B’, wound as has been described of strands A
and B above. The ends of the core elements 30
and 31 are separated by an air gap within which
‘there is floatingly supported the core element i8’,
movable transversely of the axis of the primary
coil 48'. With the connections as previously de-
scribed, symmetrical balance of the armature {8’
relative to the primary coil 15’ and relative to
the respective secondaries 16’ and 171’ is secured
and the output from the secondaries through
leads 19’ and 28’ will be null. This ig exactly
the same in effect as is desired and secured from
the first form of transformer disclosed, in which
with symmetrical disposition of the core piece (8
In the primary coil {5 and relative to the sec-
ondaries 1§ and {7, the output of the secondaries
leads {9 and 28 is a nuility. As expiained, shift
of the armatures ¢8 or 18’ in g given direction
establishes ‘unbalance and a voltage ouiput of a
selected or given phase, from the respective pairs
of leads (% and 28, or 19’ and 28’, as will be
understood,

To explain the remarkable output of the trans-
{ormer with the increased distributed capacity ef-

- fected by the invention herein, reference may be
made io the graph of Fig. 4, by which it will be
seen that by a mere shift of the armature I8 of
Figs. 1 and 2, of less than .080’’, through g move-
ment from asymmetry on one side by less than a
mere 040" from the null point or symmetry,
through the null point in a movement toward
esymmetzy in the opposite direction of less than
040" from the null point, or symmetry, the oui-
bui of the secondaries will swing from a voltage
of approximately 210 volts in one phase, through

sero or nuliity of voltage, to an output of approxi~

maiely 210 volts in the opposite phase. This is a
most remarkable sensitivity, and obviously is a
voltage output and regulation which is of value of
itself without requiring amplification for effective
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like, and in any system where & null balance fs -
sought or is to be achieved.

A turther and upexpected utilization of the de-
vice lies in the fact that the resonance curve of
the transformer can be predicated upon relatively
low frequencies of oscillation input in the primary
coil. It is an important phase of the instant in-
vention to utilize the remarkable responsiveness
of the transformer to effect control functions
without any change in the relative position of the
movable core plece or armature. To this end, let
it be assumed that a given condition of asymmetry
in core position and therefore of electrical out-
put from the secondaries is achieved, by which,
for instance, with a suitable electronic or other-
power amplification, a reversible electrical motor
is caused to run in a given direction for whatever
purpose may be indicated. It will be understood
that with a given frequency of input to the pri-
mary coil, there will be a differential condition of
resonance or partial resonance ot one or the other -
or both of the secondary coils. With secondaries
wound and connected as illustratec, a change in
frequency may be used to increase either half of
the secondary winding voltage to reverse the
preponderating voltage by and reveres the phase
of the output. With a two phase motor, for in-
stance, it will be clear that with one frequency
of excitation, and with the armature relatively
fixed, one phase output from the secondaries will
be achieved which, with said amplification, can
run the motor in one direction. Change in the
proper direction of the exciting frequency, with-
cut armature shift, will change the phase output
and perhaps the voltage, and reverse the two
phase motor.

Having thus deseribed my invention, I claim:

1. A differential transformer comprising a coil
formed of multiple turns of wire, physically ad-
Jjacent turns of the coil being separated electrically.
by lengths of wire appreciably greater than the
arcuate extent of wire in the ccil between phys-
ically adjacent turns as if such adjaceni turns
were continuous turns of the same strand a sec-
ond coil formed of multiple turns of wire, phys-
ically adjacent turns of such coil being separated
electrically by lengths of wire appreciably greater
than the arcuate extent of wire in the coil be-
tween physically adjacent turns as if such ad-
jacent turns were continuous turns of the same

- strand, sald two coils being interconnected in

55

cominercial or industrial use. With suitable am- -

plification, it will be seen that with reference to
the null point of no output from the secondaries,
the slightest measurable core piece or armature
relative movement effects such voltage change as
to be measurable and useable, even to the smali-
est possible distagnce movement.

It will be understood that with such minute
movement responsiveness, the device can be used
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alone or in tandem or in balancing-rebalancing

systems, for accurate and prompt measurement
of the slightest changes in torque of a given shaft,
or of any distance, weight, bodily niovement or
shift, or pressure, or strain or the like. 'Any value
which can be represented in part at least by a
movement, can be used to establish electrical
value as a function thereof. )

It can be used as an accelerometer, and. the

70

reverse series arrangement, a primary coil indue-
tively coupled between said coils, and an armature
movably disposed within said three coils.

2. Aresonant differential transformer compris-

-ing a first secondary coil formed of a plurality

of turns of a wire strand, means separating the
respective plurality comprising turns of another
strand of wire, means joining the said strands in
series, a second secondary coli comprising a sec-
ond plurality of turns of a wire strand, means
separating the second respective plyrality com-
prising turns of -another strand of wire, means
Joining the said strands of the second secondary
coil in series, each secondary having a higher
distributed capacity than if formed with unsep-
arated turns of a wire strand, means coupling the
first and second secondaries in bucking series, a
primary coil for exciting the said secondaries, and
an armature relatively movable with respect to
said primary and secondary coils. .

3. A differential resonant transformer com-
prising a pair of axially aligned spaced hollow
secondary coils joined in bucking series relation,
each secondary coil comprising g plurality of turns
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of a wire strand respectively mutually separated
axially of the coil by the respective turns of an-
other wire strand, with said strands of each coil
being joined in series, & primeary hollow coil dis-
posed between and in axlal alignment with the
respective secondaries, and an armature relatively
movably disposed in the primary coil and extend-
ing partially at least into one of sald secondaries.

HERMAN SCHAEVITZ.
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