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1 2
This invention relates to inductance devices Fig. T show~ a curve illustrating the relation
such as inductance coils or transformers and its between varying thicknesses of shielding tube and
object is to provide a novel coil assembly partic- corresponding changes in ohms per henry of
ularly adapted for gaudio freguency operation in coil; -
the electrical communication field where the re- 5 Figs, 8 and 9 illustrate a modified core struc-
quirements of coil design and performance are ture which is adiustable to vary the central air.
very exaciing. Tan; |
My new inductance coil has a shell tyre core Fig. 10 is a section on line {8—10 of Fig. 9: . .
of utmost simplicity comprising a minimum num- Fig. 11 shows another modification of core
ber of parts which are not only cheap to mwake 10 structure with overlapping end portions:
but are easily assembled and adjusted to provide figs., 12 and 13 illustrate variations of the.
the proper inductance value of the coil. I fur- shielded core structure: -
ther provide novel means for eliminating stray Big 14 shows a simplified magnetic core: and
flux without undue power loss. Fig. 15 shows a demountable mandr el for form-
- In a preferred embodiment of my invention, a 19 ing a winding without a srool. | - |
spool wound coil is completely enclosed in a mag- Referring to Figs. 1 and 3, there is.a cml Wll‘ld-__
netic core composed of two molded sections which ing {98 which may be mounted upon g conven-.
are cemented together by thermoplastic material ticnal spool 12 or oftherwise held togetrer, and
to form a rigid unitary structure. The cement- this winding is inserted in a magnetic core con-.
ing material is carried by spacers of definite 20 sisting of two cup-shaped parts {3 and {4 fitted
thickness which thus constitute an air gap of together. These core members are molded of
predetermined thickness in the magnetic core, magnefic material such as iron powder mixed
so that the characteristics of the finished coil with a suitable binder. In the embodiment of
conform closely to the desiegn data. Figs. 1 and 3 the two core parts are identical and
'T'o shield the ccil against outside interference 25 can be cast from the same mold. Each part com-
and against stray lines of flux in its own field, prises an outer cylindrical wall or leg {5, a cen-
I provide a heavy metal tube of high conductivity tral projection {6 and an end disk {7, thereby
(preferably copper) which closely surrounds the forming an annular space filled by the winding.
core. This tube is of sufficient thickness to act 10, which is thus completely enclosed within the
as a snort-circuited turn which presents a high 30 magnetic core. The leads I8 of the coil pass
reluctance to all flux lines attempting to link through a radial slot 19 in the end disk ¢7 of the
with it. The consequent result is twofold: first, upper core member (3, If desired, the slots {9
the coil is shielded against outside magnetic inter- may he sealed with wax or other suitable mate-
ference and against interfering with other appa- rial after insertion of the leads.
ratus; second, the thickness of the coprer shield 35 I have provided novel means for binding the
results in a minimum coil loss within the audio two core members together into a rigid unit in
frequency range. Virtually complete shielding rredetermined relationship. For this purpose I
of the coil is thus obtained, as I have demon- employ spacers 20 and 21 of panper or fibrous stock
strated by actual tests. impregnated with a thermoplastic adhesive. The
The novel features and practical advantages of 40 outer spacer 29 is a ring shapsed to fit between
my iew coil structure will be understood from a the two outer legs {5 of the core, and the inner
description of the accompanying drawings, in spacer 21 is a disk fitting between the ends of
which: the cylindrical core projections {8. This is clear~
¥ig. 1 is an expleded view of my shielded 0011 ly shown in Pig. 3. With the spacers in place,
structure; 45 the two core pieces are pressed together at an
Hlg. 2 is a plan of the assembled structure; - appropriate temperature and pressule to bmd-
Flig. o presents a sectional view on lme 3—3 of - them securely together. "
Fig. 2; The spacers 20 and 21 will usually be made
Flg. 4 shows a curve illustrating the relation- of paper bhut I contemplate using any fibrous,
ship between varying spacer thickness and the 50 porous or mesh stock which is dimensionally
corresponding induciance for a typical coil: stable and suitable for impregneting with a
¥ig. 5 shows a coil enclosed in an insulating thermoplastic adhesive. Among such adhesives
case Tor mounting cn a suppors: I may mention polyvinyl acetate, cellulose ace-
Fig. 6 1s a cross section of the magnetic core tate, ethyl cellulose, shellac, cumar, and other

and winding fto indicate diagrammatically the 55 gums and resins, natural or synthetic, which
effect of shielding; have the property of being adhesive when soft-
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ened. At the present time I prefer to use poly-
vinyl acetate with which I have obtained ex-
cellent results. Shellac also has been used suc-
cessfully. Impregnation of the spacers is ac-
complished by applying a properly concentrat-
ed solution of the adhesive in a volatile solvens
(such as alcohol or acetone) to the spacer and
drying thoroughly to remove all traces of the

solvent. When I say that the spacers 28 and 21

are made of a material which is dimensionally
stable, I mean that the physical dimensions of
the spacers (especially the thickness) are not
substantially altered by heat and pressure dur-
ing the assembly of the core pieces.

The adhesive spacers 20 and 2{ not only per-
form the function of firmly uniting the core
members i3 and (4 but they also serve to pro-
duce air gaps of predetermined thickness in the
magnetic core. One air gap is defined by the
annular spacer 20 in the outer or circumferen-
tial leg 15 of the core, and the other air gap is
‘defined by the disk spacer 2{ between the cen-
tral core projections {6. By selecting spacers of
proper thickness the thickness of these air gaps
in the finished coil will be accurately detérmined
a8 required by the design data of the coil, al-

thoush where nzcessary the spacer thickness:

canl be changed to compensate for manufac-
- turing variations. In other words, the spacer
thickness for individual coils can be s0 adjust-
ed in the course of assembly as to give the de-
sired final inductance. It is clear then that the
thickness of the air gaps thus produced is de-
termined essentially by the thickness of the
spacers 29 and 21 substantially independently of
the adhesive with which the spacer material is
impregnated. The spacers. 29 and 2! as shown
in the drawings are therefore to be considered
~ a5 being each either a single spacer of certain
thickness or built up of a plurality of thin spac-
ers, and that applies to all the spacers in the
various modifications to be described. For a
typical coil constructed as above described, the

relationship between spacer thickness and per- ,

centage change in inductance is indicated by
the curve in Piz. 4 which is self-explanatory.
For convenience I shall designate the assembled
core parts (3—I14 and winding i0 as the coil or
coil unit K. | |

| The coil K is enclosed in a shielding tube 22
- of non-magnetic material having a high con-
ductivity, preferably copper. Various practical
means may be employed to hold the coil cen-

trally in the tube which is preferably longer .

than the coil and extends beyond it at both ends.
In Fig. 3 the coil structure is supnported at the
center of the tube by nacking material 23—23’
such as wax, and the tube itself may be en-
closed in a casing 24 of insulating material.
The top of casing 24 has g projection 28 which
acts as a centralizing stop for the coil when it
is slipped into the shielding tube 22.
leads {8 protrude through holes 26 in casing 24
and are attached to a pair of terminals 27 on
the casing. The lower end of casing 24 may
have perforated lugs 28 for mounting the entire
assembly on any convenient support. The cas-
ing 24 and its prmestmg parts may be molded as
one piece.

In assembling the partmular form of coil
structure illustrated in Fig. 3, the pot-shaped
casing 24 is placed with ifs open end on top.
The copper tube 22 is then inseried, preferably
in a snug fit. The coil K is now placed on the

The coil

&

post 25, leaving a narrow clearance space be-
tween the coil and the tube. DMelted wax or
similar material is poured into the tube, cov-
ering the coil. Some of the liquid wax will seep
through the clearance space around the coil into
the annular chamber surrounding the post 2s.
Enough wax is poured in to cover the coil with
the layer or packing 23’ which practically fills

" the casing and closes its open end. When the

10

15

25

wax has hardened, the coil X is supporied in
casing 24 between the post 25 and the packing
23’. The position of coil K within the shielding
tube 22 is preferably midway of the tube and
this position of the cml is determmed by the

post 29.
Although Fig. 2 shows the wax msass 23 as

filling the space around the post 23, that con-
dition is not necessary and actually is not likely

to happen in the assembly process I have de-
scribed. Even if no wax seeped into the space
around the post 25, the coil would still be tightly
clamped between the post 25 and the packing
23’. Let it be understood that I use the con-
venient term “wax’” to include any material re-
sembling wax in pliability and adhesiveness and

- otherwise suitable for use in this connection.
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The shield 22, which in itg simplest form is an
open copper tube, is sufficiently thick to act as
a Short-circuited turn of practically zero or
nagligible resistance for the eddy currents in-
duced therein by the magnetic field of winding
19. Let us consider Fig. 6. If no shield were
present, there would be a leakage of maghelic
flux from core {3—I{4 into the surrounding alr
space as indicated by the lines 28, This leak~
age would be especially pronounced in a core of
low permeability, such as is used here. How-
ever, when the core is surrounded by the shield
22, the counter magnetomotive force created by
the induced eddy currents in the shield will be
strong enough to oppose any stray lines and
compel them to return through the outer leg
15 of the iron core, as indicated by the lines
30. In the same way does the shield 22 prevent
outside magnetic interference fmm straying into
the core 13—i4.

There is another factor which helps to con-
ine the magnetic flux of winding {8 in the iron
path of the core. By making the cross sectional

" area of the outer annular leg {8 appreciably

larger than the area of the central projection
{6, the air gap reluctance is concentrated at the
central projection. Consequently, the 7reluc-
tance of the return path through the outer leg
(5 of the core is smaller than that of the main
central path through the projections {8, where-
by the tendency of the flux is to stay in the
low reluctance path of legs 3. By way of ex-
ample I may mention that in a typical coil
the cross section of the outer core leg 19 was

0.95 square inch and the cross section of the

central projection 16 was 0.45 square inch.

I would call attention to the fact that the
tube 22 produces eiffective shielding at a mini-
mum coil loss. The current flowing in the short-
circuited turn of the shielding tube is subject
to an IZR loss, but this loss is minimized by the
higch conductance of the short-circuited turn.
Further, as shown in Fig. 3, the copper shield
22 fits the magnetic core [3—14 very closely
around the circumference, preferably as closely
as commercial tolerances permit. This proxi-
mate arrangement of coil and shield contributes
materially to the efficiency of the coil, especially
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with the use of a magnetic core of low perme-

ability. Expressing this differently, I would say -
that the closely fitting shield 22 reduces the coil

loss per uit of coil volume (ohms per henry per
cubic inch to a minimum or a satisfactory low
loss. This will be clear from Figc. 7 where the
curve jllustrates the reduection in ohms per
henry of a typical coil as the thickness (and

therefore the conductance) of the shielding tube

22 is increased. This effiect is particularly pPIo-
nounced in the audio range of frequencies
which is roughly from 20 to 15,000 cycles per
second, as officially recognized by the American
Institute of Electrical Engineers. The efficiency
of the shielding increases also with the length
of the tube up to a certain point. I have found
that for the most satisfactory shielding the tube
should be at least one and one-half times as
long as the core, preferably twice as long. Noth-
ing is gained by making the tube longer than
that. |

It will be understood from the foregoing ex-
planation that the shielding effect of tube 22 in
the audio frequency range depends upon two

factors: namely, the thickness of the tube and

Its conductivity. From g practical standpoint
the best material for tube 22 is copper, which
has high conductivity and is Iow in cost.

Regarding the thickness of tube 22, it should
be such that its conductance as a short-circuited
turn for the eddy currents induced therein shall
be sufficiently high to shield the coil with mini-
mum Joss. I would point out here that the close
proximity of tube 22 to the magnetic core has
a direct bearing on its thickness. In jnductance
coils, as is well known, a shield arranged close
to the magnetic core results in increased coil
loss. Therefore, to reduce this coil loss it has
been the practice to place the shield at an ap-
preciable distance from the magnetic core. In
such an arrangement, which necessarily in-
creases the size of the coil, the thickness of the
shield played no important part in the electrieal
properties of the coil and merely had to be
such as to give the shield sufficient mechanical
strength.

On the other hand, one of the practieal objects
to be obtained in my invention is g shielded coil
structure with minimum dimensions and hav-
ing a satisfactory low coil loss. To obtain this
compactness it was necessary to place the shield
22 as close to the core as possible and to mini-
mize the coil loss due to this juxtaposition of
shield and core I used g shield with a greater
Tthickness than needed for its
strength. Only a tube of such thickness will act
electrically, as above described, to reduce the

coil loss as far as practical. Of course, the thick-

ness of tube 22 need not go beyond the point
where a further increase thereof would not ap-
preciably reduce the coil loss. Referring to Fig.
7, it will be seen that the extension of the coil
loss curve heyond the .12 inch ordinate wonld
not produce a substantial further reduction.
This is due to the fact that the eddy currents
In tube 22 flow in or near the inner cylindri-
cal face of the tube-that is, the surface adja-
cent to the peripheral wall of the magnetic core
I5-—14. Therefore, the tube 22 need only be
thick enough to give a path of maximum con-
ductance for eddy currents. For the best re-
sults, the thickness of copper tube 22 for audio
irequency operation in the communication field
is approximately between 40 and 90 mils.

In Fig. 5 the outer insulating case 3! has a

mechanical
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separate top or cover 32 and a metal band 33
is clamped around the lower end of the case. The
band 33 has integral lugs 24 for securing the
coll unit to a suitable support. The coil leads
{8 rass through hoeles in the cover 32 and are
attached to terminals 3% which may ke screwed
into the cover. The construction inside the case
31 may ke assumed to be the same as that inside
the case 24 in Fig, 3, the only difference between
these two designs being in the structure of the
uter casing.

In the modification of Figs. 8 to 10 the two iron
core pleces 3§ and 37, molded of powdered iron,
terminate each in a spiral or inclined edee 38.
These two members are identical and ean be cast
from the same mold, as explained for the core
parte 3 and 14. When the parts 36 and 37 are
placed against each other in complementary rela-
tion, the two spiral edces 38 fit together. The
two ends of each spiral edge are separated ver-
tically by a shoulder 238. The purpose of the
spiral edges 38 is to permit rotary adjustment
of the core members with respect to each other
SO as to adjust the air gap 40 between the cen-
tral legs 41. Before the parts 35 and 31 are
assembpled, g thin adhesive spacer 42 iz placed on
the spiral edge 38 of the lower membher.

The two core pieces are so constructed that
when first fitted together with a standard svacer,
as shoewn in Fig. 8, with the shoulders 39 abut-
ting, the air gap between the central legss Af is
zeroc. By twisting the core picces on each other,
the shoulders 39 separate laterally and the core
members ride over the spiral track 23 thereby
separating the central legs 41 axially and adjust-
ing the air gap 4€ to the desired thickness.: A
scaie 43 may be cast or otherwise marked on
the core members and calibrated in mils of air
gap 80 that the workman knows when the inner
alr gap 40 is at the required thickness. There-
upon the core members are fixed in adjusted POSi-
tion by applyving heat and pressure to the adhe-
sive layer 42. What was previcusly said for the
spacers 28 and 21 regarding their constructicn
and function applies to spacer 42,

It should be noted that while the ecentral legs
41 of core members 38 and 37 are moved axially
with. respect to each other by the rotary adijust-

ment of the core memkters, the relationship he-

o0

GO

70

76

tween the two spiral edges 38 is not altered and
they remain in contact with the spacer 42 which
aetermines the fixed outer air gap of the assem-~
vled core structure. Instead of using an adnesive
spacer 42 I may simply brush a thin layer of
shellac or varnish over the spiral edges 38 and
let it get tacky. Then after neing adjusied as
above described, the core members are prassed
together and psrmanently united to form a rigid
structure. The annular space 44 is intended %o
receive g winding like the one shown in Fig. 3,
and the winding leads wpass through a slot 44’
in either core member. The core structure 26—37
15 intended to be enclozed in g shielding tube
such as the tube 22. It will therefore he under-
stood that what has heen said for the coil assem-
bly of Fig. 3 applies fully to Mgs. 8 to 10.

in the modified core structure shown in g, 11
the two cup-shaped members 45 and 245 have
overlapping edges 41 and 48 which produce a
circular contact area 45 in the outer cireum-
ferential leg of the core. This contact ares
between the twe core members reduces the mag-
netic reluctance of the return path, whereby the
small coil losses in the closely fitting shield 22
are still further reduced. As in the construc-
tions previously described, the core pieces 45 and
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46 hsove central legs or projections 58 and &

which are separated by an air gap 52. The thick-

ness of this air gap is determined by the thick-

ness of the adhesive spacers 53 and %4.
What has been said for spacers 22 and

Fig. 1 app!

21 In
lies to spacers 53 and %4 in
without the need of repetilion. Both spacers §3
and 52 are not absclutely necessary, for either
may be used without the other, and both of those
spacers may pe cmitted if a spacer is used in the
central air gaD 52, ags shown in Fig. 3. The an-
nular space 55 in core £5—46 is for a winding
as shown in Fig. 3, where the core {83—Ii4 may
be replaced by the core 45—£&5, which also is
moided of powdered iren. The slot 58 in each
core member iz {or the wmdmﬂ leads to pass
through. It will be seen that the core members
8% and &8 are not identical and therefore each
reguires its own imold.

In Fig. 12 the core stluutule 57, which may
be considersd i dentical with the core structure
| shown in Fig. 2, is completely enclosed In a cop-
per shield 8. This shield comprises a cup-
shaped piece with an integral base 28’ and a sep-
arate conner cover §§ fitting tightly over the top
edge of the cup. The cover 53 is preferaily of
the same thickness as the body of the shield and
can be soldered in place or ctherwise secured. A
metal band €% is clamped around the bottom oif
the shield and provided with perforated lugs &1
i0or albtaching the 0011 unit te a convenient sup-
port.

The cr.)le structure 21 is'held midway of the
shield %§ by filling material 62 of wax or the
like and a piece of wood &4 may he used to sup-
port the core structure before the wax hardens.
The cover 58 carries insulated terminails 84 for
receiving the leads of the winding, It will be

g, 11

10

15

20

25
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seen that the core structure and its winding are

completely surrounded by the shield 98 which
thus gives substantially 1G09 shielding. A com-~
pletely snielded coil like this may be hecessary,
for example, in connection with carrier systems
in submarine cables where the received currents
are exceedingly small and extraordinary precau-
tions must be taken to prevent mterxelence in
these high frequency coils. |

In the modification of Fig. 13 the core assembly
65 is supported midway in a coper tube 88 by wax

fillings G7 or like material. The lower end of tube

- 66 is open and the top is closed by a cover 68 of
insulating material which may be crimped in

place or otherwise fastened to the tube. A band
68 similar to the band €6 cof Fig. 12 may be used
to mount the unit in the desired position. In this
construction, as in Fig, 12, no outer casing is used
for the shielding shell & to save space and ex-
pense. |

BFig, 14 jllustr a,tes g simplified core structure in
which the return leg is cmitted. The two molded

core parts are identical, each consisting of a fiat

disk T8 and a central cylindrical projection TI.
The two parts are united by a thermoplastic
spacer 12 which forms a central air gap. What
has been said for spacer 21 in Figs. 1 and 3 applies
to spacer 72. The dotted outline 13 represents a
winding suporied on the core structure which is
intended to be enclosed in a shielding tube as de-
sciibed for Fligs. 3, 5, 12 or 13. For certain ap-
plications, particularly where the winding carries
a direct current component, this form of core
structure may be especially useful. |

~ In the various exemplifications of my ¢oil struc-
ture which I have described, the winding is shown
as being mounted on a spool. However, this spool

40

50

ing on the core.

is not necessary and may be repla‘:ced by a layer

of paper or omitted altogether with consequent

saving in space and cost. Tig. 15 illustrates a
simple method of forming a spool-less winding.
We have here a former or mandrel consisting of
two separable parts T4 provided with abutting
central cores 7% on which the required length of
wire is wound to form the winding 76. Lock nuts
77 hold the parts 74 together and the device is
supported in a lathe by means of a shaft 18, as
will be understood without further description.

When the winding has been completed, it is'im-
pregnated with a suitable compound of a wax-
like or resincus nature to hold the turns in place.
The winding is then removed by separating the
demountable members T84 and is inserted in the
two-part core shown in any one of the siruc-
tures previously described. After inserting the
spool-less winding in the core, I prefer to pour a
little melteq wax into the wire turns to prevent
possible movement thereof in the finished as-
sembly and thereby eliminate possible abrasion of
the insulation covering the wire. |

It will ke apparent from the foregoing descrlp-
tion that I have provided an inductance coil char-
acterized by extreme simplicity of structure and
cheapness-of manufacture combined with ease of
assembly and adjustment to its correct electrical
valuie. The efficiency and proper operation of the
coil are insured by the heavy copper shield which
functions with maximum effectiveness at a min-

imum loss to the coil. My novel process of uniting
the two core parts with adhesive spacers of se-

lected thickness makes it possikle to maintain the
air gaps at predefermined value withcut further
tests or to permit ready adjustment of the air gap
to give 5 desired inductance value. This eaSe of
assembly permits apreciable cost reduction in the
finished commercial article. |

The core and winding in my coil assembly are
free from mechanical stress and the winding is
fully protected mechanically. The use of adhe-
sive means to unite the core members does away
with the disadvantages of mechanical] fastening
members (like screws and bolts) or the casting of
holes for the this purpose, all of which may in-
fluence the magnetic characteristics of the fin-
ished coil. Another advantage peculiar to the

- powdered iron core in my invention resides in the
fact that the inductance of the assembled coil is

substantially independent of variations in wind-
ing space or shifting in the position of the wind-~

In the broad aspect of my in-

- vention, the novel feature of binding the core sec-

09

60

65

70

75

1ty metal suitable for the purpose.

tions together by adhesive means is applicable to
any practical form of core structure.

F'or convenience I have shown the coil structure
and shielding tube in the various embodiments as
circular in cross section. This configuration,
however, is merely by way of example and is not
to be regarded in a limiting sense. Obviously, the
core and shield may be square, rectangular, or of
any other practical form, but in most applications
of the coil the circular cross section is preferred.
At some cost in efficiency certain of the various
features of my invention need not be included in
the same device. When I speak of a copper shield
in the claims, I use the term “copper’” as a con-
venient way to include any other high conductiv-
The scope of
my invention is defined in the appended claims,
which permit changes and variations to be made
in the construction of my new coil as a commer-
cial article,
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I claim as my invention:

1. As a new article of manufacture, a magnetic
core part consisting of an integral cup-shaped
membper molded of powdered magnetic material,
said member having a circular base with a central
cylindrical projection and g circumferential wall
which terminates in a spiral edge.

2. A magnetic core composed of two comple-
mentary parts, each part being a cup-shaped
member with g cylindrical outer wall ang a cen-
tral projection, the ends of said walls being in
overlapping engagement and providing periph-
eral grooves, a thermoplastic spacer in at least
one of sald groovesg to secure the two parts to-
gether as a unitary structure, the annular cham-
ber formed between the central projections and
the surrounding outer walls being adapted to re-
celve a coil winding.

3. A magnetic core comprising two cup-shaped
rmemipers having each a cylindrical outer wall and
a central projection, the engaging ends of said
walls being oppositely inclined so that a relative
turning movement of said members adjusts the
alr gap between said projections, and means for
securiing said members in adjusted position.

4. A magnetic core comprising two cup-shaped
members having each a cylindrical outer wall and
a central projection, the engaging ends of said
walls being oppositely ineclined so that a relative
turning movement of said members adjusts the air
gap between said projections, g scale on at least
one of said members for indicating the thick-
ness of the air gap during the rotary adjustment
of the members, and means for securing said
imembpers in adjusted position.

0. An Inductance coil comprising a magnetic
core composed of two complementary parts, each
part being a cup-shaped member with a cylindri-
cal outer wall and a central projection, a winding
mounted in the annular chamber formed by the
two central projections and surrounding outer
walls, the inner ends of said central projections
being slightly separated to provide an air gap
within the winding, the ends of said outer walls
being in overiapping engagement and providing
a pair of peripheral air gaps outside of the wind-
ing, and a non-magnetic spacer element in at
least one of said air gaps for holding the two core
parts in fixed spaced relation, the thickness of
sald air gap being determined by the thickness
Of said spacer element. |

6. A shielded inductance device for audio fre-
quency operation comprising an outer one-piece
molded casing of insulating material open at
one end and having a cover at the other end, an
integral central post on the inside of said cover,
a copper tube closely fitting in said casing, a coil
unit including a magnetic core mounted in said
tube which surrounds said core as closely as
commercial tolerances permit, whereby said close-
ly nested core, tube and casing form a compact
assembly of minimum diameter, said tube being
of such thickness and conductivity that the eddy
currerits induced therein are suificiently strong
to act as a low-loss shield for the coil unit, the
coil loss due to the close proximity of the tube
to the magnetic core being effectively decreased
by the loss-reducing action of the tube due {o its
thickness, one end of said core abutting against
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the inner end of said post which holds the coil -
unit centrally within the tube, and an adhesive
filler covering the other end of said core and
ciosing the open end of said tube and casing,
whereby said coil unit is firmly held in said
tube and completely enclosed.

7. A shielded inductance coil for audio f{re-
quency operation comprising a cylindrical mag-
netic core enclosing a winding, a shield for said
coil in the forim of a copper tube fitting around
sald core as closely as commercial tolerances
permit to provide a cylindrical coil structure of
minimum diameter, the thickness of said tube
being of the order of 40 to 90 mils to form a short-
circulted conductor of negligible resistance for
eddy currents induced by said winding, the coil
loss due to the close proximity of the tube to the

magnetic core being substantially reduced with
increase of shield thickness within the specified

limits, and means for binding said tube and core
Into a unitary structure.

ROLAND C. TAYLOR.
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