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Our present invention relates to improvements in co 
axial conductor contact plugs of the general character used 
extensively in telephone, radio and audio reproducing ap 
paratus, in conjunction with suitable contact-equipped 
receiving sockets, to detachably connect ear phones, loud 
speakers or other reproducing apparatus in a suitable cir 
cuit; there being, of course, numerous other uses for such 
coaxial multiple conductor contact plugs. 

In a more specific sense, the instant invention relates 
to structure improvements in coaxial multiple conductor 
contact plugs of the kind broadly described above, where 
by inexpensive and reliable devices of this character may 
be manufactured in miniature, or, in fact, sub-miniature 
sizes which are commercially practical and desirable for 
use in connection with miniature and sub-miniature electri 
cal or electronic apparatus, such, for example, as even the 
smallest variety of present-day electronic hearing aids. In 
fact, the achievement of this result is a major objective 
of the instant invention. 

Coaxial contact plugs have, of course, been extensively 
employed for many years in connection with full-sized or 
normal-sized electrical and electronic apparatus; one very 
common use for such coaxial conductor contact plugs 
being the detachable connection of head phones and other 
reproducing apparatus into suitable audio circuits, and 
because of which use such devices are often referred to 
in the trade as "phone plugs.” However, the designs of 
such previously-employed coaxial contact plugs have not 
been practical or desirable in the manufacture of miniature 
or sub-miniature devices of this kind, of such minute 
dimensions as are required for practical use in connection 
with sub-miniature audio systems and apparatus, such as 
represented by present-day electronic hearing aids of the 
sub-miniature variety to connect a remotely-located ear 
piece or reproducer to the output of the audio system. 
In fact, to the best of our knowledge, there has hitherto 
been no practical solution to this problem. 

Another object of the invention is, however, the pro 
vision of improvements of the character described whereby 
such may be produced at extremely low cost. 
The above and other highly important objects and ad 

vantages of the invention will be made apparent from the 
following specification, claims and appended drawings. 

In the accompanying drawings like characters indicate 
like parts throughout the views. 

Referring to the drawings: 
Fig. 1 is a fragmentary view, with some parts broken 

away and some parts shown in section, on a greatly 
enlarged scale, of a sub-miniature electronic hearing aid 
incorporating our invention, said view being taken on the 
section line - of Fig. 2; and 

Fig. 2 is a fragmentary sectional view taken on the 
line 2-2 of Fig. 1. 

In the drawings, a very small portion of the casing or 
housing of a miniature hearing aid is indicated as an 
entirety by i and may be assumed to be of the generally 
rectangular type comprising a back section 2 and a front 
section 3. As previously indicated, this casing is shown 
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on a greatly enlarged scale. To convey an idea of the 
degree of enlargement and the really minute dimensions 
of the present-day sub-miniature hearing aids; attention 
being called to the fact that some commercial hearing 
aids, to which this invention is applicable, have overall 
dimensions approximated as follows: 2%' x 134' x 73'. 
It is expected that the use of printed circuits and new tube 
and battery developments will allow the casings or hous 
ings of these sub-miniature hearing aids to be still further 
reduced, which is, of course, very remarkable when it is 
considered that housings of such small dimensions contain 
a microphone, a multiple tube electronic amplifier and A 
and B batteries to power the amplifier. From this, it 
should be readily appreciated that all accessories and as 
sociated parts of hearing aids must be of very diminutive 
dimensions. 

In the drawings hereof, a coaxial-type multiple conduc 
tor contact plug, built in accordance with our invention, is 
indicated as an entirety by 4. This plug 4 comprises co 
axially-arranged outer and inner conductors 5 and 6, re 
spectively. The outer conductor 5 is formed from a length 
of suitable metallic tubing, and the inner conductor 6 is 
formed of a somewhat longer length of standard com 
mercially-available pre-enameled wire of the kind com 
monly used for winding the electromagnetic coils and the 
like. The enameled coating, which is indicated by 7, is, of 
course, non-conductive and, although extremely thin, pro 
vides a high degree of electrical insulation. While enamel 
is perhaps most commonly used for this purpose, it is 
appreciated that other coating materials, such as synthetic 
enamel, lacquier, plastics, and the like, may be employed. 
Hence, the term "enamel' is used herein in a generic 
sense to include enamel and its various substitutes and 
equivalents. By reference to the drawings, it will be 
seen that the inner conductor 6 is electrically isolated or 
insulated from the tubular outer conductor 5 by its 
enamel insulation coating 7. Also, it will be seen that 
the inner conductor 6 extends beyond opposite ends of 
the tubular outer conductor 5 and that the enamel insu 
lation coating 7 has been removed from these outwardly 
projected opposite end portions to provide inner and 
outer contact surface areas 8 and 9 respectively. Pref 
erably and as shown, the bore of the tubular outer con 
tact 5 is of such diameter that it will snugly receive the 
telescopically-applied enamel coated inner conductor 6. 
A pair of lead wires 10, which may be assumed to ex 

tend from an audio reproducer or earpiece, not shown, of 
the miniature hearing aid, are connected one to the contact 
area 9 of the inner conductor 6 and the other to the corre 
sponding end portion of the outer tubular contact 5. The 
leads 10 are of the highly flexible insulated variety and are 
anchored fast to their respective cooperating conductors, 
preferably by solder or the like. As shown, the bared ends 
of the lead wires 16 are twisted at least once around their 
respective conductors and soldered in this condition. 

In the commercial embodiment of the invention illus 
trated, the corresponding outer end portions of the inner 
conductor 6, tubular outer conductor 5 and the anchored 
end portions of the lead wires 6 are snugly mounted in a 
plug head 11, which is preferably of suitable plastic ma 
terial and is mounted under pressure forming a potted 
assembly about the enclosed portions of the conductors 5 
and 6 and lead wires 10. The anchored ends of the lead 
wires i0 securely lock the conductors 5 and 6 against axial 
movements in the head 1 and against axial movements 1 
in respect to the other. Preferably, the free inner ends of 
the plug conductors 5 and 6 are rounded or tapered to pro 
vide cam surfaces for cooperation with socket contacts to 
be hereinafter described. 
In carrying out the invention, the inner conductor 6 

is preferably formed of highly conductive metal, such as 
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copper, which has been pre-coated by the manufacturer 
with enamel or equivalent insulation coating. In some 
cases, this pre-enameled wire, which will usually be of 
copper, will be coated beneath the enamel with tin or 
other highly conductive and relatively non-corrosive 
metal, 
To further emphasize the extremely diminutive di 

mensions to which coaxial contact plugs, of the kind de 
scribed, may be built, in accordance with the invention, 
attention is called to the fact that the specimen of the in 
vention from which the instant drawings were prepared, 
employed a center or inner conductor 6 of 2 gauge 
enameled copper wire, which has an outside diameter, 
exclusive of the enamel insulation, of .0285 in., and has 
an overall diameter, including the enamel insulation, 
of .030 in. In this same device, the tubular cuter con 
tact 5 is formed of commercially-available aetallic tub 
ing having an outside diameter of approximately .051 in. 
and a bore sized to snugly receive the enamel coated 
portion of the inner conductor 6. 

For cooperation with my improved contact plug 4, the 
section 2 of the hearing aid casing , which is formed 
of plastic insulated material, is formed to provide a plug 
receiving socket 2 containing a contact spring 13 for 
cooperation with the bared inner end of the inner conduc 
tor 6 and another similar contact spring 14 for cooperation 
with the inner end portion of the outer tubular contact 5. 
The casing section 2 in its ends shown is provided with 
a plug-receiving aperture 15 for reception of the plug 4, 
and in alignment with said aperture 15 the spring contact 
14 is provided with a corresponding aperture 16. By 
reference to the drawings, it will be seen that the spring 
contacts 3 and 4 are provided with upstanding contact 
tabs 7 for connection to suitable circuit lead wires 8, 
which, in this case, are a part of the power output cir 
cuit of the hearing aid. The spring contacts 13 and 14 
are under yielding tension to move toward one another 
at their contact areas 3' and 4, respectively, and are 
spread apart upon insertion of the plug by camming action 
of the cooperating plug conductors 6 and 5 thereon. In 
this respect, attention is directed to the fact that the out 
turned free ends of the spring contacts 13 and 14 are 
seated in mounting apertures 9 and 20 respectively, which 
lock the contacts against movements axially of the plug, 
but allow lateral movements so as to permit spreading of 
the contact areas of the spring contacts to receive the 
plug 4. 
What we claim is: 
1. A coaxial-type multiple conductor contact plug 

comprising a rigid elongated tubular outer conductor, an 
inner conductor extending axially through but insulated 
from the tubular outer conductor and having uninsulated 
contact portions beyond opposite ends of the tubular 
outer conductor, a pair of lead wires externally anchored 
each to a corresponding end portion of a different one 
of said conductors, the point of anchorage of the lead 
wire to the inner conductor being axially outwardly of the 
adjacent end of the tubular outer conductor, and a plug 
head having the said corresponding end portions of the 
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coaxial outer and inner conductors and the said an 
chored end portions of the lead wires potted therein de 
fining a potted assembly, said potted assembly locking 
the conductors against axial movement relative to each 
other and preventing movement of the lead wires relative 
to the conductors and to each other. 

2. In a coaxial-type multiple conductor contact plug 
including coaxial inner and outer conductors, the outer 
conductor comprising a rigid metallic tube and the inner 
conductor comprising a section of pre-insulated wire ex 
tending axially through the tubular outer conductor and 
eyond the opposite ends thereof, the insulation of the wire 

inner conductor serving to electrically insulate the inner 
and outer conductors, the insulation being removed from 
portions of the wire inner conductor beyond the opposite 
ends of the tubular outer conductor to provide contact 
areas, a pair of lead wires externally anchored each to a 
corresponding end portion of a different one of said con 
ductors, the point of anchorage of the lead wire to the 
inner conductor being axially outwardly of the adjacent 
end of the tubular outer conductor, and a plug head having 
the corresponding end portions of the coaxial outer and 
inner conductors and the said anchored ends of the lead 
wires potted therein defining a potted assembly, said potted 
assembly locking the conductors against axial movement 
relative to each other and preventing movement of the lead 
wires relative to the conductors and to each other. 

3. In a coaxial-type multiple conductor contact plug 
including coaxial inner and outer conductors, the outer 
conductor comprising a rigid metallic tube, and the inner 
conductor comprising a section of pre-enameled wire ex 
tending axially through the tubular outer conductor and 
beyond the opposite ends thereof, the enamel of the wire 
inner conductor serving to electrically insulate the inner 
and outer conductors, the enamel insulation being removed 
from portions of the wire inner conductor beyond the op 
posite ends of the tubular outer conductor to provide con 
tact areas, a pair of lead wires externally anchored each to 
a corresponding end portion of a different one of said con 
ductors, the point of anchorage of the lead wire to the 
inner conductor being axially outwardly of the adjacent 
end of the tubular outer conductor, and a plug having 
the said corresponding end portions of the coaxial outer 
and inner conductors and the said anchored ends of the 
lead wires potted therein defining a potted assembly, said 
potted assembly locking the conductors against axial move 
ment relative to each other and preventing movement of 
the lead wires relative to the conductors and to each other. 
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