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UNITED STATES PATENT OFFICE 
memorian 

Arthur Turnbull, Jr., Far Hills, and Herbert R. 
Warnke, East Orange, N. J., assignors to 
United States Instrument Corporation, East 

. Orange, N.J., a corporation of New Jersey 

Application December 4, 1937, serial No. 178,150 
(C. 179-19) . . 9 Claims. 

This invention relates to telephone instruments 
and more particularly to instruments of the elec 
tro-magnetic type which are adapted to be used 
either as transmitters or receivers. Instruments 
of this type are adapted to be used in circuits 5 
which do not or need not include a source of 
electric energy other than the instrument which, 
at any given moment, is serving as the trans 
mitter, and such instruments are therefore 
known as 'sound-powered' telephone instru 
ments. 

Heretofore, instruments of the type referred to 
have been relatively fragile in construction, and 
delicate in that they have been rather easily 
thrown out of adjustment by shocks due to rough 
handling or other causes. One object of the 
present invention is to provide an instrument of 
the class described which shall be rugged in 
construction and capable of withstanding severe 
shocks without injury and without requiring re 
adjustment of the parts. 
A second object is the provision of such an in 

O 

ture is supported at a point between its ends, so 
that both ends of the arnature may vibrate in 
response to movements of the diaphragm. 
Another object is the provision of an instru 

ment in which the usual coil is replaced by a rel 
-atively few turns of insulated wire wound di 
rectly upon the armature itself, and adapted to 
vibrate therewith, without substantially reduc 
ing the responsiveness of the armature. 
Another object is the provision of a telephone 

instrument of the class described, mounted upon 
a backing plate in Such a manner that the in 
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strument which shall be unusually compact, with 
the attendant advantages of such a construction. 
Another object is the provision of an instru 25 

ment of the class described which shall be ex- . 
tremely efficient, the energy losses in the instru 
ment being reduced by reason of the manner in 
which the instrument is constructed and as-. 
sembled. 
A further object of the present invention is 

the provision of an instrument of the class de 
scribed in which the permanent magnets are ar 
ranged in such manner as to permit of conven 
iently magnetizing them in place, thus promoting 
ease of assembly and permitting the use of sub 
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strument may be supported within a casing, by 
clamping the casing members against a peripher 
all flange on the backing plate, no pressure being 
applied to the periphery of the diaphragm, as is 
the usual case. 
Other and further objects, features and advan 

tages will be apparent upon a consideration of 
the following specification taken in connection . 
with the accompanying drawings, in which 

Figure 1 is a rear elevation, partly in section, 
of one form of telephone instrument constructed 
in accordance with the present invention; 

Figure 2 is a transverse vertical section on line 
2-2 of Figure l; . 

Figure 3 is a bottom view of the instrument of 
Figure 1: 
Figure 4 is a top view of the instrument of Fig 

ures 1, 2 and 3, partly in section on line 4-4 of 
Figure2; 
Figure 5 is a fragmentary transverse section 

illustrating a modified form of armature mount 
35 

stantially smaller magnets, as will be hereinafter 
explained. 
A further object is the provision of an instru 

ment comprising permanent magnets, opposed 
pole-pieces, and an armature extending between 
the pole-pieces and being permanently ad 
justed in proper spaced relationship thereto. 
A further object is the provision of a modified 

form in which the armature is mounted in such 
a manner as to promote ease and accuracy of ad 
justment when such adjustment becomes desira 
ble. 
Another object is the provision of an instru 

ment of the class described in which the vibra 
tory armature is adjustably secured at its re 
spective ends, and is coupled to the diaphragm at 
its midpoint. 

40 

ing: - 

Figure 6 is a fragmentary section on line 6-6 
of Figure 5; . . . 

Figure 7 is a bottom view of the device of 
Figures 5 and 6; 
Figure 8 is a rear elevation of a modified form 

of instrument employing an armature supported 
at a point intermediate its ends; 

Figure 9 is a central transverse vertical Sec 
tional view of the instrument of Figure 8; 
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A further object is the provision of an instru 
ment of the class described, in which the arma 

Figure 10 is a schematic, view of a modified 
form of instrument in which the coil is. Wound 
upon the armature; 

Figure 11 is a rear elevation of a further modi 
fied form of instrument in which the armature 
is adjustably mounted at its respective ends and 
is coupled to the diaphragm at its rinidpoint; 

Figure 12 is a central transverse Vertical Sec 
tion of the instrument of Figure 11; and 

Figure 13 is a horizontal section on line a-a of 
Figure 11. 

55 In order to facilitate an understanding of the 
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invention, reference is made to the embodiment 
thereof shown in the accompanying drawings 
and detailed descriptive language is employed. 
It will nevertheless be understood that no lim 
itation of the invention is thereby intended and 
that various changes and alterations are contem 
plated such as would ordinarily occur to One 
skilled in the art to which the invention relates. 

Referring first to the device of Figures 1 to 
4, inclusive, it will be seen that the usual 
diaphragm 5 is secured to the forward face of 
a backing plate 6 by means of a clamping ring 
f secured by screws, annular cushioning gaskets 
8 and 9 being preferably interposed between the 
diaphragm and the backing plate and clanping 
ring, respectively. The backing plate is provided 
with a peripheral flange 20 which projects radi 
ally beyond the periphery of the diaphragm 5, 
to provide for clamping the instrument in a cas 
ing. The latter comprises a cup member 2 and 
a cover member 22, having threaded engage 
ment with each other, and being provided with 
opposed shoulders for gripping the peripher 
flange 20 of the backing plate therebetween. The 
backing plate 6 is cut away as at 23 in order 
to lighten the instrument as well as to provide 
clearance for the coupling means extending be 
tween the diaphragm and armature. 
In the instrument of the present invention the 

usual semi-circular or horse-Shoe shaped magnets 
are replaced by straight bar magnets, preferably 
substantially rectangular in cross section, and 
which are preferably formed of magnetic mate 
rial of very high coercive force, the preferred 
material being an alloy of aluminum, nickel and 
iron commercially known as aluminum-nickel 
magnet alloy. It has been determined that if 
magnets of this material are employed, and are 
highly magnetized, the magnets may be made 
much Smaller than has heretofore been the case, 
and may be disposed longitudinally between the 
usual opposed pole-pieces, thus serving as spac 
ing members for the pole-pieces and permitting 
of a construction possessing great rigidity and 
ruggedness. Also, by disposing the magnets in 
the manner described, the magnetic losses are 
considerably reduced. 

Referring to Figure 1, there are provided a pair 
of magnets 24 and 24 of substantially rectangu 
lar form, disposed longitudinally between the op 
posed pole-pieces 25 and 25 (Figures 1 and 2), 
the magnets Serving to space the pole-piecesso as 
to provide a suitable gap between the adjacent 
portions of the respective pole-pieces for the in 
troduction of the usual armature. The pole 
pieces and magnets are maintained in assembled 
relation and are firmly secured to the backing 
plate 6 by means of bolts 26, the upper and 
lower surfaces of the respective magnets being 
provided with grooves for the reception of the 
bolts, thus enhancing the ruggedness and rigid 
ity of the construction. During the assembly of 
the magnets and pole-pieces, the usual coil 27 is 
disposed between the pole-pieces, inwardly of the 
magnets as illustrated. An armature 28 is dis 
posed vertically, extending through the core of 
the coil 27 and between the adjacent tips of the 
pole-pieces 25 and 25, the upper end of the 
armature being coupled to the diaphragm by 
means of a rod 29. The latter is threaded at 
each end and is adjustably secured to the dia 
phragm and the armature, respectively, by means 
of nuts or otherwise, the initial adjustment being 
Such that the adjacent end of the armature is 
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spaced centrally in the gap between the upper 
tips of the respective pole-pieces. At its lower 
end the armature 28 is secured, by screws or other 
suitable means, to a downwardly extending pro 
jection 30 of a bridge 3f, which is adjustably 
mounted upon the lower faces of the respec 
tive pole-pieces in a manner now to be described. 
The bridge 3 may be formed as illustrated in 

Figure 3, a portion of the material being struck 
downwardly to form the projection 30, leaving the 
bridge in the form of a bifurcated member. The 
bifurcated end of the bridge is secured to the ad 
jacent pole-piece by means of Screws, one or 
more gaskets 32 being interposed between the 
bridge and the pole-piece in order to provide a 
fulcrum for rocking adjustment of the bridge. 
The opposite end of the latter is adjustably se 
cured to the pole-piece 25' by means of screws 
33 and 33' which are journalled in the bridge and 
threaded into the pole-piece 25. An intermedi 
ate adjusting Screw 34 is threaded in the bridge 
between the screws 33 and 33' and has its in 
ner end in engagement with the adjacent face of 
the pole-piece 25'. The angular position of the 
bridge 3, and hence the position of the arma 
ture 28, may be regulated by adjusting the screws 
33 and 33' in one direction and the screw 34 in 
the opposite direction. 
A member 35 of insulating material is secured 

to the upper surface of the pole-piece 25' and 
provides a support for the terminals 36 and 37, 
which may be secured thereto in any suitable 
fashion, it being the intention that the respec 
tive ends of the wire constituting the coil 27 shall 
be connected, as by solder, to the respective ter 
minals 36 and 37, by means of which they are 
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r 'orother non-magnetic materia. 
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similarly connected to the respective leads of the 
telephone circuit (not shown). 
From the foregoing description it will be ap 

parent that the present invention provides a tele 
phone instrument of the class described which is 
exceedingly compact, efficient and rugged. It will 
likewise be appreciated that the instrument is 
capable of very delicate adjustments, which ad 
justments are more or less permanent, due to the 
fact that the armature mounting is of such a na 
ture as not to be easily displaced or thrown out 
of adjustment. 

In practice it is preferred to make the magnets 
24 and 24' of the material specified above, while 
the pole-pieces 25 and 25' and armature 28 are 
made of a high grade silicon steel. The dia 
phragm is preférably duralumin, while the back 
ing plate 16 and bridge 3 are preferably of brass 

Likewise, the 
Stod 29 and the several screws and nuts are formed 
of any suitable non-magnetic material, preference 
being given to materials which are light in 
Weight, yet possess the necessary strength. Thus 
aluminum and Bakelite are among the more suit 
able materials. The codil 27 may consist of about 
1000 turns of from No. 37 to No. 40 AWG copper 
wire. The core is preferably of Bakelite or simi 
lar material, but may be of any suitable non 
conducting and non-magnetic material. 

It will be readily appreciated that because of 
the relative location and disposition of the mag 
nets 24, 24' and pole-pieces 25, 25, the present 
construction lends itself admirably to a mode of 
assembly in which the core, pole-pieces and mag 
nets are assembled, after which a magnetizing 
force is applied, through suitable instrumentali. 
ties, to magnetize the permanent magnets 24 and 
24. It will be readily appreciated that ease of 

  



assembly is this promoted, since it is much more 
convenient, in assembling the elements, to deal 
with unmagnetized members, 
A more important advantage of magnetization 

after assembly resides in elimination of the loss 
in magnetization incurred in breaking the mag 
netic circuit, which loss is unavoidable when the 
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magnetization is carried out prior to assembly 
of the device. This loss amounts to thirty per 
cent, more or less, of the total magnetic force of 
the magnets, and it is therefore apparent that 
by devising a structure in which the permanent 
magnets may be magnetized after assembly, the 
applicants are enabled to reduce the size of the 
magnets by approximately thirty per cent. 

Figures 5, 6 and 7 illustrate a modification of 
the instrument including a form of mounting 
for the armature in which the latter is perma 
nently secured in accurately spaced relationship 
between the lower tips of the respective pole 
pieces. In this form of the invention, the arma 
ture 40 may be coupled to the diaphragm 4 in 

0. 

5 

3. 
in this construction the armature bridge Com 

prises a pair of non-magnetic bridge members 
57, 57' disposed above the lower pole tips of the 
respective pole-pieces arid secured to the inwardly 
extending horizontal projections of the respective 
pairs of opposed pole-pieces as by means of 
screws. Thus these bridge members are disposed. 
between the lower end of the coil 58 and the 
upper edges of the respective lower pole tips. The 
armature 53 is received between the adjacent 
edges of the bridge members 57 and 51 respec 
tively, the latter being provided, for this pur 
pose, with slots 59, 59' (Fig. 8) substantially corn 
responding to the thickness of the armature. 
Preferably the armature is secured to the respec 
tive bridge members by soldering. 
By the described construction both ends of th armature are permitted to vibrate within their 
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the manner previously described. The lower end 
of the armature is secured in an aperture 42 pro 
vided for that purpose in a bridge 42', by means 
of tight-fitting insulating spacers 43 and 44. The 
width of the aperture 42 is made to correspond 
with the gap between the lower tips of the re 
spective pole-pieces, and, the spacers 43 and 44, 
together with the armature 40, completely fill this 
gap, thus centering the armature permanently 
therein. Preferably the non-magnetic spacers 
43 and 44 and the armature 40 are permanently 
affixed to the bridge 42 as by solder, and it is 
obvious that the spacers 43 and 44 may, if de 
sired, be comprised of a single strip of material 
folded over the end of the armature 40 before 
the latter is inserted between the pole tips. 
will be appreciated that, in this form of device 
only the upper end of the armature 40 is per 
mitted to vibrate. In effecting the initial adjust 
ment of the upper end of the armature within 
the gap between the upper pole tips, the bridge 
and armature may be adjusted by placing shims 
between the bridge. 42' and the lower surfaces: 
of the respective pole-pieces. 

Preferably the bridge 42' is provided with up 
turned projections 45 and 46 (Figure 6) for en 
gagement in suitable sockets provided in the 
lower face of the coil core 47, facilitating as 

ply and enhancing the rigidity of the struc 
re, ... " 

In the device illustrated in Figures 8 and 9, 
the magnets 50 and 50' serve to space the pole 
pieces 5, S', 52, 52', as in the case of the pre 
vious constructions, and the armature 53 
is coupled to the diaphragm 58 in the manner 
previously described. In the present construc 
tion it is preferable to enploy a pair of pole 
pieces for each magnet, and the pole-pieces are 
of somewhat different form from those of pre 
viously described constructions. For example, re 
ferring to Figure 9, it will be noted that the pole 
piece 5 has an inwardly projecting horizontal 
portion, 55 which serves as a supporting mem 
ber for the armature bridge to be later described, 
and an inturned pole tip 56. The opposed pole: 
piece 5' is formed in a similar but opposite man 
ner so as to complement the pole-piece Sin 
forming a support for the armature bridge and 
an air gap for the reception of the armature 
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respective air gaps, thus considerably increasing 
the sensitivity of the instrument, and giving it 
an improved voice frequency response. Since the 
armature bridge is positioned below the coil, it 
is not necessary to increase the internal diameter 
of the coil core, or to decrease the effectiveness 
of the coll in any manner. 

Figure 10 illustrates a modification which may 
be applied to any of the previously described con 
structions. In this case, the armature G. may 
be coupled to the diaphragm in the manner pre 
viously described, and may also be secured at 
its lower end in any suitable manner, as for ex 
ample, in the manner illustrated in Figure 5. The 
usual coil, such as the coil. 2 of Figure 1, or the 
coil 58 of Figure 9, is omitted, and the armature 
itself is provided with a coil 6, having a much 
smaller number of turns than the coils 27 and 

It 
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58. For example, the coil B may comprise ap 
proximately 100 turns of No. 38 to No. 40 AWG 
wire. The coil is roughly conical in shape, the 
greatest concentration of turns occurring nearest. 
the lower end of the armature, which is rigidly 
secured. By this expedient, the natural vibra 
tion period of the armature is not substantially 
affected by placing the turns directly upon the 
armature, and the sensitivity of the instrument 
is therefore not impaired. On the other hand, 
by reason of the coil if being wound directly 

50 

upon the armature 60, the efficiency of the in 
strument is greatly increased for reasons which 
will be obvious. Due to the lower number of 
turns, the generated voltage will be correspond 
ingly low, but may be increased by the use of a 
step-up transformer 2, if desired, the secondary . 
coil of the latter being connected in the telephone 

55 circuit. If desired, the armature 60 may be sup 
ported in a manner described in connection with 

85 

Figures 8 and 9 and illustrated therein. 
Figures 11-13 illustrate a further modified form 

of instrument employing a single magnet of in 
creased size, two coils, and an armature secured 
at both ends and having its midpoint coupled to 
the diaphragm. In this construction, as in the . . 
previous constructions, the magnet To serves to 
space the pole-pieces 7 and T', the latter being 
spaced at their upper ends by sleeves 72. The 
pole-pieces 7 and T' are provided with inwardly 

70 

53. The pole-pieces 5 and 5' extend laterally 
to the center of the armature, and a similar pair 
of pole-pieces. 52 and 52' are provided therebe 
yond, for cooperation with the magnet I, 75 in the usual manner. The armature T6 is pref 

projecting U-shaped pole-tip members 73 and 73 
respectively, secured thereto by welding or in any 
suitable fashion, there being four pole tips asso 
ciated with each pole-piece, thus constituting 
four air gaps in all. Colist and 75 are disposed 
in the usual nanner within the spaces circum scribed by the respective opposed pairs of pole 
tips, and are connected in the telephone circuit 



4. 
erably longer and thinner than those employed 
in the previously described constructions, and 
is coupled to the diaphragm (not shown) in the 
usual manner, except that in this case the arma 
ture 76 has its midpoint, rather than one of its 
ends, coupled to the diaphragm. Each end of 
the armature 76 is adjustably mounted by means 
now to be described. Since the respective ends 
of the armature are similarly mounted, only One 
mounting Will be described. 
Referring to Figure 13, an end of the armature 

76 is secured between an armature adjusting 
block 77 and an armature plate 78 by means of 
screws 79, 79, the latter being journalled in the 
block 77 and plate 78, and being threaded into 
the backing plate 80. The end of the adjusting 
block TT adjacent the backing plate 80 is provided 
with an integral projection 8 for engagement 
With the surface of the backing plate 80 to serve 
as a fulcrum. It will be apparent that the block 
77 may be rocked laterally about the fulcrum 8 
by loosening one of the screws 79 and 79 and 
tightening the other screw, the projection 8 of 
the block 77 being at all times maintained in en 
gagement with the backing plate 80. It will be 
understood that by rocking the respective adjust 
ing blocks 7 the armature 76 may be suitably 
adjusted within the Several air gaps. 

By the use of an unusually long and thin arma 
ture, in the construction just described, it will be 
understood that the instrument is rendered con 
siderably more Sensitive, and is also more efficient 

10 
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by reason of the reduction of eddy-current losses 
in the armature and pole-pieces. Also, since the 
armature is mounted at both ends, the device has 
increased structural stability. 
The modification just described may be ex- . 

tended to a device in which the armature may 
have, instead of the two arms illustrated, a 
greater number of arms, each vibrating within its 
OWn coil and air gaps, all of the arms of the arma 
ture being, of course, in the same plane, and ex 
tending radially from the point of connection be 
tween the armature and the diaphragm.". In such 
a device the outer end of each arm of the arma 
ture is preferably mounted adjustably in the 
manner described. 

It Will be apparent to those skilled in the art 
that certain of the features above described are 
interchangeable between the various forms and 
modifications embraced in the present invention. 
Having thus described the invention, what is 

claimed as new and desired to be secured by Let 
ters Patent is: 

1. In a telephone instrument, a pair of opposed 
pole-pieces having inwardly projecting role-tips 
defining an air-gap between said pole-pieces, per 
manent magnets disposed lengthwise between and 
spacing Said pole-pieces and serving to fix said 
air-gap, connecting means extending between 
said pole pieces and engaging said magnets for 

40 
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the space between said pole-pieces, a vibratory 
armature supported on said bridge and extending 
between said pole-tips, a diaphragm connected to 
said armature, and a coil surrounding said arma 
ture and adapted to be connected in a telephone 
circuit, said coil being supported on and insulated 
from Said armature. 

3. In a telephone instrument, a magnetic cir 
cuit comprising a permanent magnet and oppos 
ing pole-pieces, a vibratory armature supported 
between said pole-pieces, a diaphragm Connected 
to said armature, and a coil Surrounding said ar 
mature and adapted to be connected in a tele phone circuit, said coil being Supported on and 
insulated from Said armature and being of de 
creasing radial thickness toward the point of con 
nection of said armature to said diaphragm. 

4. In a telephone instrument, a pair of opposed 
pole-pieces having in Wardly projecting pole-tips 
defining an air gap between said pole-pieces, per 
manent magnets disposed lengthwise between and 
spacing said pole-pieces and serving to fix said 
air gap, connecting means extending between said 
pole pieces and engaging said magnets for main 
taining the latter in place between said pole 
pieces, a non-magnetic bridge member spanning 
the space between said pole-pieces, a vibratory 
armature supported on said bridge and extending 
between said pole-tips, a diaphragm connected to 
said armature, and a coil surrounding said arma 
ture and adapted to be connected in a telephone 
circuit, said armature being spaced between said 
pole-pieces by means of non-magnetic spacing 
members disposed between the end of said arma 
ture supported on said bridge and the adjacent 
ends of said respective pole-pieces. . 

5. In a telephone instrument, a pair of opposed 
pole-pieces having inwardly projecting pole-tips 
defining an air gap between said pole pieces, per 
manent magnets disposed lengthwise between and 
spacing said pole-pieces and servirig to fix said 
air gap, connecting means extending between said 
pole pieces and engaging Said magnets for main 

50 

maintaining the latter in place between said pole 
pieces, a non-magnetic bridge member spanning 
the space between said pole-pieces, a vibratory 
arnature Supported on said bridge and extending 
between said pole-tips, a diaphragm connected 
to Said armature, and a coil surrounding. said 
armature and adapted to be connected in a tele 
phone circuit. 

2. In a telephone instrument, a pair of opposed 
pole-pieces having inwardly projecting pole-tips 
defining an air-gap between said pole-pieces, per 
manent magnets disposed lengthwise between and 
spacing said pole-pieces and serving to fix said 
air-gap, a non-magnetic bridge member spanning 
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taining the latter in place between said pole 
pieces, a non-magnetic bridge member spanning 
the space between said pole-pieces, a vibratory 
arnature supported on Said bridge and extending 
between said pole-tips, a diaphragm connected to 
said armature, and a coil surrounding said arma 
ture and adapted to be connected in a telephone 
circuit, said armature being spaced between said 
pole-pieces by means of non-magnetic spacing 
members disposed and filling the space between 
the end of said armature supported on said bridge 
and the adjacent ends of said respective pole 
pieces. . , 

6. In a telephone instrument, a pair of opposed 
pole-pieces having inwardly projecting pole-tips 
defining an air gap between said pole-pieces, per 
manent magnets disposed lengthwise between and 
spacing said pole-pieces and serving to fix said 
air gap, a non-magnetic bridge member spanning 
the Space between said pole-pieces, a vibratory 
armiature Supported on said bridge and extending 
between said pole-tips, a diaphragm connected 
to said armature, and a coil surrounding said 
armature and adapted to be connected in a tele 
phone circuit, said bridge member being mounted 
for rocking movement relative to said pole-pieces. 

7. In a telephone instrument, a pair of opposed 
pole-pieces having inwardly projecting pole-tips 
defining an air gap between said pole-pieces, per 
manent magnets disposed lengthwise between and 

75 
spacing said pole-pieces and serving to fix said 
air gap, a non-magnetic bridge member Spanning 



cent one end of said coil and inwardly 

the space between said pole-pieces, a vibratory 
armature supported on said bridge and extending 
between said pole-tips, a diaphragm connected to 
said armature, and a coll surrounding said artinae 
ture and adapted to be connected in a telephone 
circuit, said bridge member being disposed adja 

the ad 
jacent pole-tips, and providing a pivotal support 
for said armature. ; P f 

8. In a telephone instrument, a telephone no 
'tor including spaced pole-pieces having inwardly 

2,245,511 5 
pole-tips and said coil extending into relatively 
close relation to said bridge member. 

9. In a telephone instrument, a telephone mo 
to including a pair of opposed pole-pieces having 
inwardly projecting pole-tips defining an air gap 
between said pole-pieces, permanent magnets dis 
posed lengthwise between and spacing the re 
spective pole-pieces of said pair and serving to 
fix said air gap, connecting means extending be 

O 

projecting pole-tips, a cof, and an armature exe 
tending between said pole-pieces, a bridge mem 
ber spanning the space between said pole-pieces 
and disposed between dne, end of said coil and the 
adjacent pole-tips and providing a pivotal sup 
port for said armature, said bridge member being 
disposed closely adjacent said last mentioned 

tween said pole-pieces for maintaining said mag 
nets in place between said pole-pieces, an arma 
ture extending between said pole-tips, means sup 
porting said arnature for vibratory novenaent, 
a diaphragm, and means connecting said dia 

15 phragm and said armature. 
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