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- tion of Delaware
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| 12 Claims.

‘This invention relates to transducing apparatus
for transferring alternating electric currents from
one circuit network to another. More partic-
ularly the transducing apparatus of the invention
include novel high frequency transformers having
improved features.

Among the objects of the invention are novel
transducers that are simple to assemble from
component parts.

- Additional objects of the invention include
novel transducers having a small number of com-
ponents.

Further objects of the invention ars novel com-
pactly constructed transformers for efficiently

transferring high frequency electric currents of
two di

network to another.

‘The above as well as other objects of the inven-
tion will best be understood from the following
description of exemplifications thereof, reference
bheing had to the. accompanying drawings where-
in:

Fig. 1 is. a vertical sectional view of one form
of transformer of the invention, taken along line
i—1 of Fig. 2: -

Fig. 2 is a hm izontal section of the transformer
of Fig. 1, taken along line 2—2:

Fig. 3 is a view similar to Fig. 2 with:some of the

overlying structure. removed to show the under-
lying elements: -

of the transformer of Figs..1 and. 2

Fig. 5 is a bottom view of the condenser d1-
electric of Fig. 4.

g, 6 is a Slde view of a modﬁed contactor
element for use with the transformer of Figs. 1
and 2; |

Pig. 7 is a side view similar to Fig. 6 of a.fur-
ther modification of contactor. element:

Fig. 8 .is a circuit diagram showing one operat-
ing arrangement for the- transducer apparatus of
the invention; and

igs. S and 10 are clrcult diagrams showing
diiferent operating arrangements.

According to the invention the compactness of
electric current transducers is provided by. dispos-
ing the spaced ecompoenents in a .novel manner for
conserving bulk and the simplicity. of construction
is ccmtubuted to. by a novel capacitor arrange-
ment.

Figs. 1 through 5 show the details of one prac-
tical form of transducer emhodying the invention.

'T'his form is excellently suited for use as trans-

formers in coupling high frequency amplifying
stages in conventional radm recewers for example.
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The transformer of Fig. 1 has a.hollow housing 20
in which is contained input and output circuits
magnetically linked together and connected to
terminal prongs 24 projecting out from the hous-
ing. The prongs24.are shown as part of terminal
lugs 28, 28 and 39 held in place on an electrieally
non-conductive terminal board 32 which consti-
tutes part of the housing 20. As shown in Figs. 2
and 3, the terminal lugs are provided with upper
contact ears.36, 38 and &0 respectively, each ex-
tending generally parallel to the board and of
different configsuration. T-shaped slots 42 along
hoth .edges of the board permit the penetration
of the lead wires and the prongs 24 .of the ter-
minal lugs cut of the housing while the contact
ears.are carried internally. At the same time the
walls of the slots support or help to support the
lugs in.place. The contact ears 36 of lugs 26, as
more clearly shown in Fig. 2, each extend over an
appreciable area approximately from the slots
on one side to those on the .other, and are.each
provided with an .intermediate opening by which
they are secured in place. The contact ears 38 of
lugs 28 are of generally similar shape differing in
that a portion.is cut away as. indicated in Fig. 3.
‘The contact ears 40 of lugs 30 are shown as-of
relatively small size for fitting in the cut.away
zone. of ears. 38.

In assembled. condition the lugs 28 and 38 are
positioned. on the terminal board 32. with their
ears against.the face of the board and their prongs
projecting through the slots in the manner shown
in Fig. 3. Over their ears is placed. a dielectric
sheet §8 and over this assembly the terminal lugs
25 are mounted so.that.the extended contact ears
36 cover the lower ears 38, 40 and hold.the dielec-
tric sheet sandwiched between them. The ter-
minal board 32 is also perforated at 34 in register
with -the perforations 44 of ears 30 and through
each pair of aligned periorations securing means
shown in Fig. 1 as a rivet 56 is-passed and crimped
over to securely hold.the components in mounted
relation. The dielectric sheet .56. which may be
of low loss material such. as mica has. adherently
united to both its faces electrically . conductive
coatings. to form a self-contained capacitor as-
sembly as more fully explained below.

In the form shown the securing rivets 56 are
hollow and inciude extensions 58 forming SUp-
ports cooperating with sultably shaped parts of
the housing 28 to hold transformer windings in

place. An electrically conductive box-like shell
22 against which the terminal board 32 is secured
completes the housing 28 and forms an effective
shield to prevent interference with the electrical
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signals being transduced within it. Opposite
each support 58 the shield 22 is shown as dished
out at 23 to provide a further supporting element
and between the pair of supports 58 and 23 is
mounted a pin 0. Although the supports 98
and 23 may be of any desired shape, they are
illustrated as recessed to form sockets in which
the ends of the pins are securely fitted.

The pins §§ which may be of dielectric com-
position, ecarry windings connected to the capaci-
tors provided on dielectric sheet $8 and constitui-
ing, together with their connected capacitors, the
input and output circuits of the transducer. In
the construction of Fig. 1 the transformer of the
invention has input windings formed in two
portions shown at —8§1 and 1-—62 respectively
each separately tunable to different frequency
bands. The output windings are also similarly
divided into corresponding portions 2—6{ and
2—62. Windings I—8§1 and 2—8&1 are suitable
for tuning to high frequency and may rmerely be
a single layer of turns helically wound on <
sleeve 64 held on the pin 60. The windings 1—82
and 2—62 are suitable for tuning to lower fre-
quencies and may be in the form oi one or more
interconnected universal wound sections 66
directly held on pin 60 as shown.,

A feature of the invention is the crossing of

the windings on the respective pins so that the

magnetic coupling between the high frequency
portions |—61 and 2—6i as well as the coupling
between the low frequency portions —5852 and
2-—-52 have the desired spacing for efficient trans-
‘ducing and at the same time fit into a relatively
small volume. The amount of space occupied by
the various components of a radio receiver or
other complicated multi-component apparatus in
which the individual components must be fitted
and conuected together to make a neat, not too
bulky apparatus is cf extreme importance. The
saving of ag little as 2 half-inch on one of the
dimensions of a componentv simplifies the as-
sembling, permits more compact packing of the
components and mounting on smaller mounting
members which need not be as stoutly built to
adequately support them, This is especially
marked where the apparatus includes more than
one of the more compact components and the
individual bulk saved is multiplied. Further-
more the resulting compact apparatus is more
suitable for transportation and for certain prac-
tical forms of construction such as portable type
radios and the like. In addition individual parts
such as the housings of the more compact com-
ponients may also be more simply and more inex-
peusively made.

- According to the invention the respective high
frequency and low frequency portions of the
windings are held spaced from each other by an
amount which imparts the desired transducing
coupling relationship. High frequency input
winding {—&1 is thus in magnetic coupling with
the high frequency output winding 2—8&1 and
the corresponding low frequency windings (—62
and 2—62 are also magnetically coupled. In gen-
eral very close coupling of input and ocufput wind-
ings is avoided where the advantages of high “Q”

and hence highly selective coupling circuits are to
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be realized. As is well known the tightness or

proximity of coupling is roughly inversely propor-
tional to the “@” or so-called efficiency oif the
circuits. For proper band-pass characteristics
with reasonably good efficiency, a relatively wide
spacing between the linked primary and sec-
ondary windings is necessary. In the transducing
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of recognizable signals, as where the electric
currents are modulated by these signals, a wide-
band transducer or transformer is especially de-
sirable inasmuch as the fidelity of transducing
depends on the width of the frequency band
passed.

As shown in Fig. 1, the coupled windings are
located at approximately the corners of g rec-
tangle lying in the plane of the pins 68 so that
they are linked diagonally of the rectangle. Ac-
cordingly a relatively small difference in level
between the windings and spacing between the
pins provides a large coupling path.

In use the windings are formed to resonave 1o
the frequencies desired to be transduced. Tuning
is accomplished by connecting a capacitance
across the individual windings although in some
cases all or part of this capacitance may meorely
be the distributed capacitance of the winding

itself or of the circuit to which it is connected,

especially where a high inductance-to-capaci-
tance ratio of the tuned circuil is desired.
When capacitors are used for tuning the wind-
ings of the form of the invention shown in Fig. 1,
considerable advantage results from the fact that
the leads connecting the windings to the con-
densers may be so disposed as to nowhere ap-
proach each other or the other coupled winding
very closely., A feature of this arrangement is
the very small undesired coupling capacitance be-
tween the input and output circuits thereby en-
abling improved energy transfer. In the form of
the invention having the primary or input wind-
ings on one winding form or pin 60 and the out-
put windings on the other, as shown in Fig. 1, the
desired condensers of the respective circuits are
mounted adjacent an end of the pin holding the
windings of that circuit. The connecting leads
merely extend approximately directly downward-
ly from the ends of the windings to the cor-

responding condensers, as partially shown in

rig. 1 by the connectors 1{—I, T1--2, T1—3, T1—45,
and 121, 72-—2, 123, 12—4. At no point is
it necessary for the leads of one circuit to pass
close to the leads or any other portion of the other
circuit.

The condensers used in this embodiment of
the invention may be of any type such as the
convenvional variable or “trimmer” type well
known in the art, having one or more separate
dielectric layers sandwiched between electrodes
that are adjustably movable toward and away
from each other. Such a condenser is shown in
U. S. Patent No. 2,119,107, granted May 31, 1938
and may have its capacitance varied to tune the
corresponding circuit to the desired frequency.
Instead of varying the capacitance, the con-
densers may be fixed and tuning provided by ar-
ranging the windings so that their inductance
may be varied. For example, as shown in Fig. 1,
the coil forms or pin 68 may be hollow and re-

ceive high permeability tuning cores longitudi-

nally movable with respect to the windings for
changing their inductance In accordance with
the amount of highly permeable material pres-
ent in the magnetic field of 2 winding, as is well
known. The cores 6b are generally a molded mix-
ture of finely powdered ferro-magnetic material
such as iron together with insulafting resin or
binder which gives it mechanical form and mini-
mizes eddy current losses by electrically insulat-
ing the powder particles from each other. In
the construction shown the cores 66 are externally
threaded and threadedly engage corresponding
thread-like separated indentations 68 extending




2,644,508

5

inwardly of the inner surface of the pins 60.
Ends of the cores are provided with screw-drivers
slots 18 by which they can be rotated to screw
themselves longitudinally along the indentations
for suitable positioning as desired. The housing
is shown as perforated at T4 for admission of a
core rotating tool such as a screw driver blade.
Access to the lower cores may be through the
hollow interior of rivets 56.

An unexpected advantage of the permeable
tuning arrangement shown in Fig. 1 is the fact
that simple fixed tuning capacitors may be used
and at the same time each winding portion is
separately tunable. Thus when adjusting the in-
ductance of the high frequency transformer wind-
ings i—6.14, 2—61 by movement of their cores, the
inductance of the low frequency windings i-—62,

—b62 remain supstantially unaffected and vice
versa. ‘1his is a very valuable characteristic in-
asmuch as 1t greatly simplifies tuning opera-
tions. If there were any appreciable cross-in-
fiuence from either the high or low frequency
circuits to the other circuit, tuning would neces-
sitate a cumbersome series of alternate tuning
siteps first of one of the circuits, then the other,
after which the first must be returned, then
the other returned, etc. The shifting from one
circuit to another would entail switching of the
transiormer operation, as for example when in-

corporated in an AM-FM radio receiver, chang-

ing froimm the AM band to the FM band or vice
versa. In changing bands, the station selector
mechanism of the radio would also have to bhe
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carefully reset to a suitable position for properiy

receiving a desired signal. The substantial ab-
sence of cross tuning between the circuits which
elirninates these difficulties is apparently due
to the crossed arrangement of the windings which
esvablish diagonal linkage between the winding
vortions. The alignment between the winding
porvions and the opposed winding portion at the
saine level is such that the magnetic lines of forece
generated at one of them are directed substan-
tiaily axially of the opposed winding. As a re-
sult axial movements of the core in one winding
do not appreciably change the number of flux
lines generated by the other, that pass through
the core. The permeability of the overall field
space of one winding portion is accordingly sub-
stantially unafiected by core adjustments of the
winding at the same level on the other pin. With
respect to the winding portions on the same pin
68, it appears that the flux lines establishing the
diagonal linkage do not extend appreciably
through the vertically spaced core.

In ¥ig. 1 most of the adjusting cores are shown
as deeply penetrating inte their coils although
inn actual use they do not extend to the inner-
most turns of the coils and occupy a position
no deeper than the one shown for the core of
coil 2-——63§. In thiz manner, the cores are used
to vary the inductance of their surrounding wind-
ing portion without materially changing the co-
efficient of coupling between coupled windings.
In the construction shown the coefficient of cou-
pling depends on the inductance of the adjacent
vurns of the coupled windings to which the flux
lines of the linking fields are essentially limited.
Any change in inductance of the outer forms

varies the individual inductance and the mutual

coupling inductance in a manner that keeps the
coeflicient of coupling constant.

Another feature of the invention is the use of
slesves to hold the windings on the coil pins. Be-
cause of the varying characteristics of different
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types of windings, best results are-obtained with

windings of different form for different purposes.
hus, for example, low frequency coupling for
use with the intermediate frequency amplifica-
tion stages of standard broadcast AM (amplitude
modulated) radio signal receivers, the coupled
windings may be more economically formed of
relatively small diameter coils having high per-
meability cores which increase their “@Q” or cir-
cuit efficiency as much as desired. At inter-
mediate coupling frequencies of. the order of 450
kilocycies - per second, an internal coil diameter

‘ofabout 7. millimeters or less is quite satisfactory

and not much core material is required. How-

ever, as the. signalsg transferred: increase . in fre-

quency, the abiiity of a . core to increase.the “Q”
of the circuit -drops off. Accordingly for ‘such
higher frequencies. desirable characteristics de-
pena on relying on:-the windings alone for high

¢0il “Q,”’ the.core being used. essentially for in-

ductance adjustment only. Inasmuch as -one of
the coil form factors infiuencing coil “@” is the
diameter, the inherently higher “@” of larger
diameter high frequency coils lends itself readily
to this invention.

The use of the thinner cores with the high
frequency windings also limits any losses con-
tributed by the core material at .such high fre-
guencies. -

Another advantage of the sleeve construction
is that the automatic winding of the coiis is
simplified. The different types -of coils may each
be wound on & corresponding form after which
the separate coll containing forms are cut to in-
dividual sizes and assembled. It is unnecessary
to wind the different types on the same form, a
procedure which necessitates aliernate shifting
of the coil winding operation after-at least every
ovther coil. Assembly of the sleeves 84 on the pins
b3 -may be by merely sliding or threading them
together and anchoring as by edheswe as shown
at §85.

According te another phase of the invention,
the energy transducer or transformer includes
condensers of novel construction having a small
numper of component elemaents and easily as-
sembled in the completed apparatus. This fea-
ture 1s provided by coating a sheet of dieleciric

-with electrically conductive strata arraneged so

that the strata form a plurality of different con-
densers with a single dielectric sheet. In the
transformer of the invention shown in Fis. 1
four condensers are formed on the single dielec-
tric sheet 80 and are connected for tuning the
different windings 1—81, —62, 2—81 and 2—62.

Figs. 4 and 5 show the arrangement of the con-
densers according to one form- of the invention.
The sheet 53 has two separate ‘elecirically con-
ductive coatings 78, 718 of extensive area cn one
surface. These coatings, 16, 18 are spaced from

- each other as indicated.at 80 and may. terminate

some distance from perforations 35 which pane-
trate the sheet in approximate register with the
corresponding terminal beard perforations 34
for passage of the securing elements §6. On the
other face of the dielectric sheet %%, generally
similar conductive coatings are subdivided to pro-
vide a pair of extended layers 82, 84 and a pair of
smaller layers 86, 88. One of the larger lavers
such as layer 82 and an adjoining small laver
such as layer 85 are together approximately of
the same shape as and cverlie the layer 18 on tha
opposite face of the dielectric sheet. The indi-
vidual layers 82, 84, 88, 88 are all separated fron
each other and cooperate with a corresponding
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portion of the opposite layer to form four in-
dividual capacitors.

For use with widely different frequency bands
such as AM and IFM frequency bandas as present-
ly allocated, the high and low irequency wind-
ings of the circuirs although separately tuned
may be connected together in series 1o form one
convinuocus input and one continuous output cir-
cuit. When so connected, the capacitance of the
tuned low frequency circuit forims a low im-
pedance path for the high frequency currents
and the inducitance of the tuned high frequency
circuit forms a low Impedance path for the low
frequency currents. the high and low frequency
portions of the circuits accordingly function sub-
stantially independently of each other even
though each sets acts as a connecting path for
the currents passing through the other. In such
an arrangement the condensers 1or the separate
winding portions of the input and for ouftput cir-
cuit may have one of their electrodes connected
in common as for example by not dividing the
coatings 16 or 18 into individual condenser elec-
trodes corresponding to the elecirodes on the
opposite face of the dielectric sheet £9.

The coated dielectric i1s shown as sandwiched
between the contact ears 38, 40 of the terminal
lugs 28, 36 and the overlying contact ears 2§ of
the terminal lugs 26. As more clearly seen in
Fig. 3, where the terminal board assembly is
shown with the upper lugs removed and the
lower conductive coatings 82, 84, 86, and 88 on
the sheet 5§ shown in dash-dot Iines, these sub-
divided layers are so shaped as to separately
contact the larger contact ears 38, 38, and the
smaller contact ears 48, 40 respeciively when the
sheet is held in place over the terminal board
with the sheet perforations 35, 25, aligned cver
vhe board perforations 24, 34. The terminal lugs,
39, 40 are between the sheet and the board.
With the sheet so held in place, the upper lugs are
then mounted by passing their prong ends 24
through the proper slots 42 so that their contact
ears 306 cover the sheet %50 as shown in Fig. 2.
The securing rivets 3o are then passed through
apertures 44 in the contact ears 36, as well as
through the sheet 50 and board 32, and crimped
over to hold the capacitor assembly in place.
The contact ears are arranged for maintaining
resilient and positive electrical contact through-
out the life of the transducer in spite of varia-
tions in terminal board thickness, as by provid-
Ing them with metallic spring backing such as
the washers 37. These spring washers 37 are
arranged to be normally arched and are de-
formed or flattened when clamped in place as
shown. DBy such an arrangement the electrical
connections will be preserved regardless of any
tendency for the terminal board to shrink or
exhibhit cold flow during its useful life. The use
of a metallic clamping engagement as direct as
possible greatly simplifies the construction in-
asmuch as metallic members are less subject 1o
shrinkage or cold flow. In the form shown the
minimum number of non-mmetallic clamping
members, viz: only the terminal board 32, is in-
cluded.

If desired, the metallic springy means is in-
cluded as an integral portion of the inner or
outer contactor elements. In this wayv the numn-
ber of component elements may be reduced.

BFig. 6 shows an outer contact lug 25—, ac-
cording to the Invention, having a contact ear
36—1 of springy metal and arched to provide the
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desired resiliency. The arch also includes a
clamp receiving passageway 44—I.

Pig, 7 shows a different form of outer contact
g 2o—2 for use with the invention. In this con-
struction the metallic resiliency is provided by
an arched extension 37—=2 formed integral with
the ear 36—2 and folded back over it. Passage-
ways d4-—2 may penetrate poth ear and exten-
sionn for use witn centrally applied holding
clamups.

After the windings and winding pins have
neen ifitved in the sockets 98, the coil ends may be
coniilected to the condensers Ly merely uniting
them to the corresponding connector prongs of
the terininal lugs, in the manner shown in Fig. 2
for example, these leads as well as the external
circuit leads mayv be socldered in place on the
prongs. Dummy prongs may also be inserted in
unused terminal board slots 42, as wha2n some
of the condenser eleetirodes are internally con-
necoed, and ubilized for coanvenient wiring con-
neeiion Loses.

The condensers and windings so assembled on
the hoard 22 are then inserted into the shield or
can porticn 22 of the housing which may contain
punched positioning detents 38 acainst which
bthe board is supported and held by deforming
outer lic portions of the can as shown at 52. At-
taching means may be provided in the form of
conventional threaded lugs 94 secured to the
nousing as py being riveted to the can in the
manner shoewn in Fig. 1 so that the threadad
ends projecv through a cut away portion at the
sides of the terminal board 32.

An additional feature of the invention is the
ract that the condenser arrangement described
in connection with Figs. 3, 4, and 5 is not only
simple to assemble, requiring no separate secur-
ing elements, but can be built without careful
graaing and sorting of dielectric sheets §8. Inas-
muech as only a small number of such sheeis are
used it is simapler to adjust the canacitances of
the individual condensers after their formation
rather than go through the laborious and ex-
pensive dielectric sheet thickness measuring and
classifying coperations. Dielectric sheets such as
mica are quite expensive and rather fragils and
eacn sneev even though small, may vary ap-
preciably in thickness over its extent. The saving
of maverial permitted by wider thickness toler-
ances and the reduction of breakage during han-
dling, togevher with the more exact adjustment
of the final capacitance values make an important
ana unegpescied contribution to the art.

Final capacitance trimaming of the apparatus
oi the invention may be made by adjusting the
arsa of the condauctive layers forming the capaci-
tors, as by removing from or adding to these lay-
ers. One highly practical technigue is to burn
oI the coating as by arcing. The conduciive
coating iteelf may be a stratum of silver deposited
as by painting on a layer of finely divided silver
powdaer mixed with a flux and kinder that can
be burnt away. The coatings are applied through
masks or stencils such as by the conventional
silk-screening techniques and the coating dried
and fired to fuse and unify the powder particles
of a stratum while the binder is burnt off. The
details of the coating application and composi-
tion form no part of the present invention and
are deseribed in the National Bureau of Stand-
lards circular 468 entitled Printed Circuit Tech-
nigues.

When the coatings are completed, each con-
denser may be adjusted as by securely contacting
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the layer 716 with one terminal of a low voltage
electric current supply and bringing the other
terminal into arcing contact with the portion of
the coating to be removed. Arcing contact is
easily established by the use of a wire arcing ter-
minal which is brought into loose contact with the
coating. 'Thus a six volt current supply using
a tungsten tantalum or iron 'wire arcing electrode
brought against a conventional silver layer or
mica will cause sparking and removal of the sil-
ver at the points contacted. The arcing electrode
may be mcoved across the surface of coating 78
opposite the layers 82 and 85 until the desired
capacitance values are reached. The coating
areas may be so shaped that with the thickest
sheet of dielectric likely to be encountered, sub-
stantially all of the coating areas will be needed
and the amount of removal may be automati-
cally controlled by a capacitance measuring cix-

cuit connected to the electrodes of the condenser

being adjusted. The dieleetric sheet is prefer-
ably mounted in a suitable jig for properly hold-
ing it exposed for arcing and automatically mak-
ing contact with the measuring circuit. Adjust-
ment may be made after the dielectric has been
assembled with its contacting lugs on the ter-
minal board 32, to reduce its fragility and mini-
mize breakage. A sufficient amount of the strata,
16, 18 may be left exposed for this purpose as
shown in Fig. 2, so-that portions may be removed
from adjacent the corners of the dielectric for ex-
ample. The automatic capacitance measuring
circuit may also be connected to deenergize the
‘arcing circuit when. a. condenser is properly ad-
justed, so that it is unnecessary to carefully watch
the adjustment. |
The invention is not limited to the specific
forms described above. The coil -windings for
example may he of any other suitable types. For
example the low frequency winding portions
1—52, 2-——62 may each be of the single coil type
well-known in the art instead of the double sec-
rtiens shown, The condenser electrodes may be
of any other shape as desired. The saving of
volume and dielectric by the technigues described
above may be combined with only a single band
transformer winding construction and converse.
ly the two-band crossed winding feature may be
utilized with other condenser assemblies.
- Although the coil pins-are shown as eylindri-
cal, they may be of any other suitable configura-
tion such as square or rectangular in transverse
section. The coils may be directly wound on the
pins or the sleeve type construction may be used
with some or all the windings. 'The square or
rectangular forms of coil pins may carry inner
thread-like protuberances for threadedly receiv-
Ing cylindrical cores, or the cores may also be
correspondingly squared or rectansular in trans-
verse section and slidably fit within the pins.,
For the purposes-of this application, where the
term “core” is used, it is understood that this
refers to any high permeability magnetic mate-
rial placed in the magnetic field of: the windings.
Thus the magnetic material or core may either fit
around-or within the windings without affect.-
ing the operation of the invention. In the con-
structien of the invention-in which the high per-
meability material surrounds the coating coils,
it may be slidabkly held on one or more guides fit-
ted-around the coils or the outer surfaces of the
coils themselves may act as a guide, as for ex-
ample by interpesing a protective sheath around
the windings. The high. permeability materials
may be arranged so that they are all:adjusted
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from one end of the housing. They may be mold-
ed around or secured to adjusting extensions ex-
fending to positions where they are conveniently
available for operation when desired. Internal
cores such as are shown in Fig. 1 may, for ex-
ample, have axial extensions brought out to the
same or opposite ends of the housing and thread-
edly received for adjustment. One axial exten-
sion. may be tubular for receiving the extension
of the core bhehind it in the single-ended adjust-
ment: modification., o

‘A particularly desirable core construetion for
use with the invention is one which extends both
inside. and outside of an associated coil in the
general shape of a eup having an inner central

- prejection formed on the bottom of the cup. The

space: between the central proiection and the in-

- ner walls of the cup is arranged to receive the
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coating windings. The windings may bhe carried
by short pins held centraily between the windings
to permit the cup bottoms fo approach the wind-
ings and the additional core supports around the
pins may threadedly or slidahly guide the cores
and also serve as mounting structure for holding
the coil pins. | - |

In addition to the conventional core materials
such as molded and bonded powdered iron or
magnetite,. the cores may also be of the ferrite
composition described in Harvey et al. applica-
tion Serial No. 719,594 filed December 31, 1946
or L.everanz et al. application Serial No. 776,292
filed September 25, 1947, These ferrites exhibit
large permeability changes under the influence of
D. C. magnetic fields of varisble intensity. With
such constructions the coils may be tuned by us-
ing fixed cores and small adjiustable magnets.

Among the further modifications of the in-
vention, the windings may be arranged for

mounting independently of the capacitors and/or

the terminal board. As one exambple the coil
pins may bhe fitted generally parallel to the ter-
minal board and be held hetween opposing walls
of the housing as by making the walls yvieldable
and providing them with sockets or projections
engaging the rins. 'The pins may then be pushed
into place, the walls giving slightly so that the
pins snav into position. The lead wires may then
be pulled through terminal board slots and sol-
dered to prongs on the board after the board is
cecured. in.place. This soldering, as well as that
for the construction of Fig. 1 may be effected by
dipping all the prongs simuitaneously into molten
solder. According teo this modification, the lead
wires of any resonant circuit is not objectionably
clo-e to a couvled circuit or to the lead wires of
a, coupled cireuit. - B

The trarsducer construction of the invention
will have its terminal hoard 32 impregnated or
coated with wax or other sealing composition,
if it is dezired that it be rendered more in<ensi-
tive to wvariable external influences such as
changes in humidity. This is especially im-
portant with those types of terminal boards hav-
ing a fibrous construction such as those made by
impregnating of textile, woven glass cloth for
example, molded within thermosetting resinous
material. The wax coating or impregnating op-
eration may be performed before or after capaci-
tor elements are assembled and clamped to the
board. In those forms of the invention in which
a relatively large portion of the conductive coat-
ings of the dielectric sheet 55 are exvesed, it 18
desirable {o avoid impregnation between the con-
tact ears and the conductive coatings, where dip-
ping is effective after assembly. For best results
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where the upper contact ears 36 are resiliently
held they may be of the types such as shown in
Figs. 1 and 7 wherein they are held in substan-
tially flat engagement with a large proportion oi
conductive coatings.

According to the invention the individual wind-
ing portions may be arranged so that the smalil
capacitance tending to couple them either assists
O OPPOSES any magnetic coupling.

Fig. 8 shows one form of transfer circuit in
which the transducer of the invention may be
connected. As described above, the windings
I—61(, 2—61, I—62, 2-—62 are connected so that
windings {—b! and 1—b62 form series connected
portions of an input circuit, each winding being
separately tuned by capacitances 81, 83. The out-
put circuit is similarly constituted by windings
2—61, 2—62 and capacitances 85 and 871. The
desired coupling is provided hetween windings
I—61, 2—61 and bhetween windings 1—82, 2—52.
At the pass band of one coupled pair of tuned
windings, the other windings are sufficiently far
from resonance to be of negligible impedance, o
that winding portions may remain series con-
nected while either portion is utilized for cou-
pling, and no coil switeching is needed. The in-
vention is also suitable for connection in transfer
networks involving switching circuits.

Another feature of the invention is that it may
be incorporated in transducers having transfer
characteristic differing from those of the con-
ventional transformer. For example where sharp
cut-off band-pass characteristics are desired the
transducer may be of the so-called “M-derived”

type such as shown in the circuit diagrams of

Higs, 9 and 10.

Fig. 9 is a circuit diagram of a band pass trans-
fer network including four tuned parallel reso-
nant sections 81, 93, 95, 971 each of which has a
separate resonating capacitance. Two sections
81, 93 are connected across the transfer path ard
the remaining two 985, 97 are inserted in series in
the transfer path. The sections are tuned in
any conventional relationship to establish the
desired transfer characteristics, as is well known
in the art. The network may he connected for
coupling the output of a suitably operated space
discharge tube 96 to the input of anothier space
discharge tube §8, a blocking capacitor 99 bheing
inserted to suitably isolate the different D. C. tube
operating voltages.

The four resonating capacitors may be em-
bodied in the simple single-~dielectric forin of ihe
invention, as shown in Figs. 2, 3 and 4. The com-
mon connection between two adjacent capacitor
electrodes are readily provided by merely form-
ing the capacitor electrodes of unseparated con-
ductive strata. Additionally the blocking capaci-
tor 99 may also be similarly built on the single
dielectric sheet and interconnected so that the
external connections are simplifiad. In those
modifications where the distributed capacitance
of one or more coil windings is the only resonat-
ing capacitance for those windings a blocking
capacitor of even relatively large capacitance is
easily included.

The coll windings of such a construction oper-
ate without magnetic coupling bubt no special
shielding precautions need be taken where the
coupling between coils is so limited as to affect
the transfer characteristics in remote portions
of the frequency spectrum. For example, a cir-
cuit of the type shown in Fig. 8 has been sucress-
fully operated with a coil distribution essentially
as shown in Fig. 1. The unshielded meagnetic
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coupling not opposed by bucking capacitive cou-
pling was adjusted to have no effect in the
transfer band used. Where desired of course,
the ccil sections may be shielded from each other
by any well-known arrangements.

Fig. 10 is a modified transducer network simi-
lar to that of Fig. 9. In this network secvions
S1—1! and 93—I1 are parallel resonant and the
sections 85—1 angd 87—1 series resonant. The
parallel resonant circuits 91-—I, 33—{ are in-
serted in series in the transfer path while the
series resonant circuits 95—1i, 97—1 are connect-
ed In parallel across the transfer path.

The arrangement shown in Fig. 10 may be gen-
erally similar in construction io that described in
connection with Fig. 9. If desired, the resonating
capacitances of sections 81—1 and §3—1 may be
directly returned to ground instead of the com-
mon coil connection. This modification provides
capacitance pairs with a common connection,
simplifying the external wiring and electrode
contacting arrangement.

While several exemplifications of the invention
have been indicated and described above, it will
be apparent to those skilled in the art that other
modifications may be made without departing
irom the scope of the inventicn as set forth in
the appended claims.

What is claimed is:

1. A dual frequency transformer comprising,
two elongated winding supports, a relatively low
frequency primary winding formed on one of said
supports adjacent its upper end, a relatively low
frequency secondary winding formed on the other
suppoert adijacent its lower end, two sleeves hav-
ing inside dimensions corresponding substan-
tially to the outside dimensions of said supports,
relatively high freguency primary and seccondary
windings formed on said respective sieeves, the
sleeve carrying the relatively high frequency pri-
mary winding being mounted adjacent the lower
end of the support carrying said relatively low
frequency primary winding and the sleeve carry-
ing the reiatively high frequency secondary wind-
ing being mounted adjacent the upper end of
the support carrying said relatively low freguency
secondary winding, a housing for said trans-
former having a substantially closed end and an
opposively disposed open end, a termingal board
adapted to be affixed to said housing substantially
closing the open end thereof, tuning capacitors
for connection to said windings, fasteners secur-
ing said capacitors to said terminal board at
spaced points thereon, two of said fasteners hav-
ing formed at the inner ends thereof means for
receiving and mounting the corresponding ends
of said respective supports, and the closed end
of said housing bheing provided with means in
substantial alignment with said fasteners for re-
ceiving and securely mounting the other corre-
sponding ends of said supports.

2. A dual frequency transformer comprising,
two cylindrical winding supports, a relatively low
frequency primary winding formed on one of
said supports adjacent its upper end, a relatively
low frequency secondary winding formed on the
other support adjacent its lower end, two tubu-
lar sleeves having inside diameters corresponding
substantially to the outside diameters of said sup-
ports, relatively high frequency primary and sec-
ondary windings formed on said respective
sleeves, the sleeve carrying the relatively high
frequency primary winding being mounted ad-
jacent the lower end of the support carrying said
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relatively low frequency primary winding and the-
sleeve carrying the. relatively high frequency

secondary winding being mounted adjacent the
upper end of the support carrving said relatively

low frequency secondary winding, a. metallic
housing for said transformer having a substan-
tially closed upper end and an open lower end, 3

non-metallic terminal beoard adapted to be af-
fixed to said. housing substantially closing the
lower end thereof, tuning capacitors for connec-
tion to said windings, rivets securing said capac-

itors to said terminal board at spaced points

thereon, said rivets being formed respectively at
the ubper ends thereof for receiving and mount-
ing the lower ends of said supports, and the upper

end of said housing having deformations therein

in substantial alighment with said rivets for re-

celving and securely mounting the upper ends of

said supports. -

3. A dual frequency iransformer comprising,
twe hollow winding supports, a relatively low
frequency primary winding formed on one of said
supports adjacent its upper end, a relatively low
frequency secondary winding formed on the other
support adjacent.its-lower end; two hollow sleeves
having inside dimensions corresponding substan-

tially to the outside dimensions of said hollow

supports, relatively high frequency primary and
secondary windings formed on sdid respective
sleeves, the sleeve carrying the relatively hieh
frequency primary winding being mounted adja-
cent the lower.end. of the support carrying said
relatively low frequency primary winding and-the
sleeve carrying the. relatively high freauency

secondary winding. being. mounted-adijacent the -

upper.end of the support carrying said relatively
low frequency secondary winding, an electrically
conductive housing . for said transformer having
a substantially closed upper end and an open
lower end, an electrically non-conductive sup-
porting sheet adapted to be affixed to said hous-
ing substantially closing the lower end thereof,
tuning capacitors for connection to said wind-
ings, tubular rivets securing said capacitors to
sald supporting sheet at spaced points thereon.,
sald rivets having projections formed respectively
at the upper ends thereof for receiving and
mounting the lower ends of said supports, and the
upper end of said housing having recesses formed
therein in substantial alignment with the pro-
jections of said rivets for receiving and securely
mounting the upper ends of said supvports.

4. A dual frequency transformer comprising,
two tubular winding supports, a relatively low
frequency primary winding formed directly on
one of said supports adjacent its upper end, a
relatively low frequency secondary winding
formed directly on the other support adjacent its
lower end, two tubular sleeves having inside di-
ameters equal substantially to the outside diam-
eters of said tubular supports, relatively hish fre-
quency primary and secondary windings formed
directly on said respective sleeves, the sleeve
carrying the relatively high frequency primary
winding heing mounted adjacent the lower end

- of the suppori carrying said relatively low fre-

auency primary winding and the sleeve carrying

the relatively high frequency secondary winding

ceing mounted adjacent the upper end of the
support carrying said relatively low frequency
secondary winding, an electrically conductive
housing for said transformer having a substan-
tially closed upper end and an open lower end, 3
dielectric supporting sheet adapted to be affixed
to sald housing substantially closing the lower
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end thereof, tuning capacitors for connection to:
said windings, hollow tubular rivets securing said-
capacitors to said dielectric sheet ai spaced points
thereon, said rivets having sockets formed respec-
tively at the upper ends thereof for receiving and
mounting the lower-ends of said supports, and the
upper end of said housing having recesses formed
internally thereof in substantial alignment with
the sockefs in said rivets for receiving and se-
curely mounting the upper ends of said supports.

5. A dual frequency transformer as defined by
claim 4 and also including a high permeability
core for each of said windings disposed in said
supports, each of said cores being positioned with-
in at least a part of its assaciated winding.

6. A dual frequency transformer as defined by
claim 5 in which the closed end of said housing is
provided with openings in alignment with said
winding supports, providing, with said hollow
rivets, means for rendering said cores accessible
for adjustment.

1. In a transducing apparatus for transferring
alternating electric currents of different fre-
quency bands from one circuit network to
another: a pair of elongated supports disposed in
substantially copianar relation; a first primary
winding responsive to relatively low frequency
signal potentials and formed on one of said sup-
ports adjacent one end; a-second primary wind-
ing responsive to relatively high frequency signal
potentials and formed on said one of said sup-
ports adjacent the other end; a first secondary
winding responsively to said low frequency signal.
potentials and formed on the other of ‘said sup-.
porvs adjacent said second primary winding and
magnetically coupled with said low frequency pri-
mary winding; a second secondary winding re-
sponsive to said high frequency-signal potentials:
and. forimed on said other support adjacent said
low Irequency primary winding and mutually
magnetically coupled with said high frequency
primary winding. o

8. A transduecing apparatus as defined by claim
7 In which the elongated supports are hollow and

high permeability magnetic cores are movably
Positioned within the pins and adjacent the wind-

ings for independently adjusting the inductance
of the windings. -

9. A transducing apparatus as defined py claim
7 In which the first and second primary windines
are held on one support, the first and second
secondary windings are held on the other Sup-

port, and capacitance elements are mounted ad-

jacent the end of at least one of said supports,

sald capacitance elements being connected across

windings held on the support adjacent the end
of which it is mounted, for tuning the connected
windings to the desired frequency.

10, A transducing apparatus as defined by
ciaim 9 in which the capacitance elements are

formed of a single dielectrie layer with electrically

conductive strata secured to opposite faces of the
layer, at least one of the conductive strata being
divided into portions forming condenser elec-
trodes of different condensers.

11. In a high frequency transfer apparatus for
transferring alternating electric currents of

selected freguencies from one circuit to anather:

deformed housing means having electricsily con-
ductive bounding wall portions and an electrically

non-conducting surface portion; at least one pin
mounied within said housing means, input wind-

ings and output windings mounted in spaced

relation on said pin and in spaced relation from

the housing walls; supporting structure including
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the deformed part of said housing meauns con-
stituting at least one support for said pin: said
supporting structure also holding capacitance ele-
ments connected with said windings to form
resonant circuit means tuned to the desired fre-
quencies: said capacitance elements including a
plurality of electrically conductive connector ele-
ments and at least some of said connector ele-
ments include metallic vieldable spring me2ans,
and a dielectric sheet with electrically conductive
strata coated on and adherently bonded to the
faces of the sheet; said connector elements in-
clude inner and outer elements having portions
overlying said non-conducting surface portion;

sald dielectric sheet being resiliently clamuved be- -

tween the inner and outer connector elements and
to said surface portion by rivet means penetrat-
ing at least said non-conducting surface and said
outer connector elements: said rivet means in-
cluding extending supporting elemeants for hold-
ing said pin in place within said housing, said
housing means including securing struciture for
securing said non-conducting surface and sup-
porting elements of the rivet means in fixed rela-
tion to the conductive housing walls, and holding
the housing supporting elemenit and the rivet
means supporting elements in cooperative posi-
tion for securely retaining said pin in place.

12. In a transducing apparatus for transferring
alternating electric currents of different fre-
quency bands from one circuit network o
another: a pair of tubular supports in spaced
relation; input circuit means including a first
input winding mounted directly on one of said
pair of tubular suprorts adjacent one end thereof,
and a second input winding mounted on a sepa-
rate sleeve carried by said one of said pair of
tubular supports adjacent the other end thereof:
output circuit means including a first output
winding mounted directly on the other of said
pair of tubular supports adjacent the other end
thereof and in proximity with said second input
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winding, and a second output winding mounted
on & separate sleeve carried by said other of said
pair of tubular supports adjacent the one end and
In proximity with said first input winding thereof
said windings forming part of band pass circuits

in which the first input windings are spaced from

and mutually magnetically coupled in crossecd
relation with the first output windings, and hoth
sald first windings are tuned to resonate to =«
band of high frequency currents to selectively
transfer such currents from the input to the out-
put circuit means; the second input windings
being spaced from and mutually magnetically
coupled with the second output windings and
pboth said second windings being tuned to resonate
to a different band of high frequency currents to
selectively transfer such currents from the input
to the output circuit means: and a plurality of
substantially identical high permeability mag-
netic cores mounted within said tubular sup-
ports for positioning interiorly of at least parts
of cach winding.

DONALD MACKEY,
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