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This invention relates to vibratory reed devices and to 
systems employing a plurality of such devices tuned to 
different frequencies. While the invention is applicable 
generally to such devices and systems, it is especially 
applicable to resonant reed relays and systems employ 
ing the same. Accordingly, the invention will be de 
scribed herein with reference to such specific application. 
However, it is to be understood that in the broader aspect 
of the invention the resonant reed relay and relay system 
are to be regarded only as exemplary of vibratory reed 
devices and systems. 
A resonant reed relay, like other vibratory reed devices, 

commonly employs at least one cantilever type resonant 
reed and an associated driving means and, preferably, 
such relay has a primary reed and a secondary reed ex 
tending in parallel relation from a common mount. The 
resonant frequency of vibration is directly proportional 
to the thickness of the reed and is inversely proportional 
to the square of the free length of the reed. 

In prior constructions of resonant reed relays the driv 
ing point has been located at the tip of the reed because 
the sensitivity is greatest at that point. In systems in 
which such relays are commonly employed, one practice 
has been to maintain the lengths of the reeds constant and 
to vary the reed thicknesses to tune the various relays to 
different frequencies. This practice of varying reed thick 
ness and maintaining the driving point at the tip of the 
reed tends to cause different band widths in the reed 
response curves among the relays in the series. Where 
the frequency is increased by increasing the reed thick 
ness, a greater driving force is required to produce the 
same amplitude. This is objectionable because it normal 
ly requires increased input. 
met by operating the reeds at reduced amplitude, and 
partially by increasing the magnetic bias which increases 
the driving force. However, if the input current is to be 
maintained at a constant level, the necessary adjustments 
of amplitude and bias cause manufacturing difficulties. 
One object of the present invention is to overcome the 

above-mentioned objection. 

ing at the highest frequency, and by tuning the other 
relays of the series to lower frequencies by increasing the 
reed lengths while maintaining the driving point at the 
same distance from the reed mount. 
according to the present invention the relays are char 
acterized in that the reeds of the respective relays are of 
the same width and thickness but of different free lengths 
to operate at different frequencies within a predetermined 
frequency range, and the driving means of all of the 
relays are located at the same point along the free lengths 
of the reeds. 
A further feature of the present invention is that the 

contact gap spacing is approximately constant for all 
relays in a series, and the contact gap is located at the 
same distance from the reed mount as the driving point. 
Thus, at the critical contact-making instant, the reed am 
plitude at the driving point is approximately constant for 

This objection is partially. 

This is achieved by locating 
the driving point at the reed tip only in the relay operat 

Thus, in a system 
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all relays of a series. It has been found that this has the 
effect of providing substantially uniform response char 
acteristics in the series of relays. 
Another object of the present invention is to provide 

an improved vibratory reed device which is highly effi 
cient in operation and which has desirable operating 
characteristics. 
A further object of the invention is to provide a reso 

nant reed relay which is of simple compact construction, 
and which is economical to manufacture and easy to ad just. 

Other objects and features of the invention will be ap 
parent from the following detailed description with ref 
erence to the accompanying drawings, in which: 

Fig. 1 is an elevational view of a resonant reed relay 
constructed according to the present invention, with the 
casing or housing broken away to show the parts, and 
with certain elements broken away and shown in section 
for the purpose of illustration; v 

Fig. 2 is an elevational view taken from the right side. 
of Fig. 1, with the casing broken away; 

Fig. 3 is a cross-sectional view taken on line 3-3 of 
Fig. 1; - 

Fig. 4 is a longitudinal sectional view taken centrally 
through the device on line 4-4 of Fig. 1; 

Fig. 5 is a bottom view of the device; 
Fig. 6 is a cross-sectional view taken on line 6-6 of 

Fig. 1; 
Fig. 7 is a perspective view of the assembly which is 

contained within the casing; 
Fig. 8 is a graph showing the representative response 

curve for a relay constructed according to the invention; 
and · 

Fig. 9 is a diagrammatic illustration of a frequency 
responsive relay system according to the present inven 
tion. 

Referring to the construction of a preferred embodi 
ment of a resonant reed relay according to the present in 
vention, as illustrated in Figs. 1 to 7, there is provided 
an elongate metal casing or housing 10 which is prefer 
ably of cylindrical shape and which is closed at its upper 
end and has an opening at its lower end to receive a clo 
sure member 11 which is also preferably formed of metal. 
The relay assembly contained within the casing 10 is 
supported as a unit by the closure member 11 which thus 
serves a dual purpose, i. e. both as a closure means for 
the casing and also as a support for the internal relay 
assembly. . . . . 

In the preferred form illustrated, the relay assembly 
comprises a generally U-shaped support 12, also prefer 
ably formed of metal, having a pair of spaced arms 13 
and 14 extending upward from the bottom portion 15 
which has an extension 16 and is provided with a central 
threaded passage 17 to receive an attachment screw 18. 
As may be seen in Fig. 4, the closure member 11 has a 
central aperture 19 to receive the screw 18, the aperture 
preferably being shaped to provide counter-sinking of 
the screw head which may be sealed by solder 20 after 
the device has been assembled. The supported assembly 
further comprises a generally U-shaped reed structure 
formed of magnetic material, e. g. steel, and having a 
base 21 and a pair of reeds 22 and 23 extending upward 
from the base in substantially parallel relation to one 
another. The generally U-shaped reed structure is dis 
posed at right angles to the U-shaped support 12 with 
the base 21 interposed between the arms 13 and 14 of 
the support. As may be seen in Figs. 1, 2 and 4, the 
U-shaped reed structure is of sufficient width so that the 
reeds 22 and 23 are disposed outside the U-shaped sup 
port. The U-shaped reed structure is secured to the 
U-shaped support 12 by a pair of screws 24 which extend 
through the arm 14 of the support. The arm 14 has 
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apertures 25 to accommodate the screws, the apertures 
being enlarged at their outer portions to accommodate 
insulating washers 26. The screws 24 threadedly engage 
apertures in the base 21 of the U-shaped reed structure. 
An insulating sheet 26a is interposed between base 2 and 
arm 4. 

Referring more particularly to the reed structure, the 
base 21 is in the form of a metal block, and the reeds 22 
and 23 are in the form of flat metallic strips secured to 
the base 21 as by silver soldering or brazing. The reed 
22 is the primary reed and it carries an electrical contact 
27 secured thereto as by spot welding. The reed 23 is a 
secondary reed which serves simply to provide a balanced 
twin reed structure. A dummy contact 28 is secured to 
reed 23, as by spot welding, to better balance the twin 
reed structure. Associated with the primary reed 22 is a 
resilient contact arm 29 carrying an electrical contact 30 
which is cooperable with the contact 27. Arm 29 has a 
lateral extension 31 by which it is mounted on arm 13 
of the rigid support 12 by means of screws 32, being insu 
lated from the metal support by insulating strips 33 and 
34 (see Fig. 6). Reed 22 is electrically connected to one 
of a number of contact pins 35 through a connection 36. 
The contact pins 35 are insulated from the metallic 
closure member 11 by extending through fused glass 
seals 37. The contact arm 29 is also connected to one 
of the pins 35 through a connection 38. The pins 35 are 
similar to the projecting contact pins of an electron tube, 
the device being adapted to be plugged into a socket in 
the manner of an electron tube. The contacts 27 and 30 
serve to control a controlled circuit, in response to actu 
ation of the reed 22 by the driving means now to be de 
scribed. 
The driving means comprises an electrical coil 39 which 

is interposed between the reeds 22 and 23 and is so 
oriented that its axis lies in the direction of vibration of 
the reeds. The coil is formed of insulated wire wound 
on an insulating spool 40 to provide a coil unit which is 
held by the arms 13 and 14 of the rigid support 12. To 
this end the arms 13 and 14 are machined to provide re 
cesses 41 and 42 in order that the coil unit may be in 
serted and embraced by the support arms. The coil unit 
is held securely in place by means of screws 43 and 44 
on opposite sides of the support arms with their heads 
engaging the opposed faces of the coil spool. 40. Within 
the coil spool is a permanent magnet coil 45 which not 
only provides a magnetic core for the coil but is utilized 
during tuning as hereinafter described. In the form il 
lustrated, the permanent magnet core is of Square cross 
sectional shape and it fits snugly within the spool 40 so as 
to remain stationary therein. The ends of the coil 39 are 
connected respectively to two of the contact pins 35 by 
means of conductors 46 and 47. 

It will be seen from the foregoing description that the 
entire internal structure of the relay is assembled as a unit 
with all of the component elements mounted on the com 
mon rigid support 12 which in turn is secured to and Sup 
ported by the closure member 11. As may be seen in 
Figs. 1, 2 and 4, the lower end of the metallic casing 10 
is formed to provide an internal shoulder 48 to seat the 
closure member 11, and the member 11 is held within the 
lower end of the shell-like casing by means of a ring of 
Solder 49. 

In constructing and assembling the above-described 
resonant reed relay, the support 12 is first assembled to 
the member 11. The reed block 21 and the reeds 22 and 
23 are assembled by silver soldering or brazing, after 
which the reed assembly is heat treated in order to pro 
vide optimum characteristics of the steel. The reed con 
tacts are then spot welded to the reeds at the proper lo 
cation, and the assembly is tuned to a predetermined fre 
quency in a special fixture designed to vibrate the block. 
The preliminary adjustment is made by shortening the 
reed length, and the final adjustment is made by weight 
ing the reed tips slightly, using solder. The coil and mag 
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net assembly comprising coil 39 and magnet 45 is then 
charged to a predetermined level and is assembled to the 
support 12. The reed assembly is then mounted on the 
support 12, and the contact arm 29 is also mounted there 
on. At this point in the assembly the contact gap is ad 
justed by bending the arm 29 to provide a predetermined 
gap spacing between the contacts 27 and 30. The above 
described electrical connections to the contact pins are 
then made. At this point the magnet 45 is demagnetized 
by applying an alternating current of sufficient magni 
tide to the coil 39. This reduces the magnetic flux so 
that the reed frequency increases to a final predetermined 
value which is somewhat different than the value prede 
termined for the original reed tuning. Finally, the as 
sembly is inserted in the casing and the latter is her 
Inetically sealed by applying the ring of solder 49. 

Figure 8 shows a representative response curve for a 
relay constructed according to this invention. In order 
to determine this curve, an A. C. signal is applied to the 
driving coil and is maintained at some arbitrary level, 
and its frequency is changed from outside the band 
toward the nominal frequency. An ohmmeter, or suit 
able signal device, is used to determine when the contacts 
close. At signal levels within a certain range there will 
be two contact close points; one as the frequency is varied 
upward toward the nominal frequency, and the second as 
the frequency is varied downward toward the nominal 
frequency. In each case the contacts must be open as 
the frequency starts to sweep. This procedure is repeated 
for different signal levels to determine the points of the 
CuIWe. 

Fig. 9 shows a frequency selective relay system em 
ploying a series of resonant reed relays constructed ac 
cording to the present invention. In the illustrated sys 
tem the number of relays chosen for the purpose of illus 
tration was arbitrarily selected as four, the relays being 
designated by reference numerals 50 to 53. The relays 
are diagrammatically illustrated, and it is to be under 
stood that they are of the character illustrated in Figs. 1 
to 7 and described above. The relays are characterized 
in certain novel respects which will now be explained. 

In earlier designs of reed relays the driving point has 
been placed at the tip of the reeds because the sensitivity 
is greatest at this point. In a series of relays having dif 
ferent frequencies this practice results in different charac 
teristics among the relays in the series unless special pre 
cautions are taken. Where frequency is increased by 
making the reeds thicker, the driving force required to 
produce the same amplitude is greater. This is partially 
offset by operating the reeds at reduced amplitude, and 
partially by increasing the magnetic bias which increases 
the driving force. If the driving coil input current is to 
be maintained at a constant level the necessary adjust 
ments of amplitude and bias introduce manufacturing 
difficulties, 

According to this invention, the driving point is at the 
tip of the reeds only for the highest frequency in the 
Series. As frequency is reduced by increasing reed 
lengths while maintaining the width and thickness con 
stant, the driving point remains fixed and is, therefore, 
applied at some fraction of the reed length, which be 
comes increasingly smaller as the reed length increases. 
A further feature of the present invention lies in the 

contact gap spacing, which is designed to be constant for 
all relays in a series. This contact gap is located at the 
same distance from the reed clamp point as the driving 
point. Thus, at the critical contact making instant the 
reed amplitude at the driving point is constant for all 
relays of a series. It has been found that this has the 
effect of providing a substantial improvement in the uni 
formity of the response curve characteristics of a series 
of relays covering a range of frequencies as great as 4 to 1 
in the lower audio frequency spectrum. 
A further feature of this invention is the arrangement 

of the driving means and the support for it and the reeds. 
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In a reed relay as small as those contemplated in this 
invention, driving at a point is not possible in the strict 
sense of the word. The best that can be done is to 
concentrate the driving forces within a small area about 
the desired point. Even when this is done there is an 
appreciable distributed driving effect because of the phys 
ical size of the drive coil and the close spacing of the 
twin reeds. Two distinct driving effects are present in 
all the known driving methods. The first is the reaction 
between the drive coil and the reeds. The second is the 
reaction of one reed on its twin. In some types of drive 
the reeds repel each other while being attracted toward 
a central driving system. For example, if the pole of a 
permanent magnet is placed between the reeds and a coil 
is wound around the reeds, the increase in flux that 
causes the reeds to be attracted to the permanent magnet 
also causes the reeds to repel each other. This results 
in a loss of efficiency and reduced discrimination between 
response at the design frequency and response at half 
the design frequency. 
The drive employed in this invention makes use of a 

coil wound around the permanent magnet and oriented 
between the reeds in such a way that an increase in flux 
causes an attraction of the reeds toward the center, and 
the reeds are so polarized that they attract each other. 
Thus, being in phase, the two effects add and give in 
creased efficiency and better discrimination between re 
sponse at the design frequency and response at half the 
design frequency. Because the coil is wound around the 
magnet it is also possible to magnetize using the coil. 
Thus, the magnet strength may be adjusted by applying 
appropriate signals to the external terminals. Since 
frequency can be adjusted by magnetic field intensity it 
is possible to adjust frequency after the relay is assembled 
in its casing and sealed. The reeds are tuned to some 
frequency about a half percent above the nominal fre 
quency. The relay may then be assembled and sealed 
after which a magnetizing signal is applied to the coil 
by discharging a capacitor into it or by other means of 
applying a short, high intensity current pulse. The mid 
band frequency of the relay is measured by locating the 
lowest point of the response curve (see Fig. 8). This 
measurement must be made without increasing the ap 
plied signal more than necessary. The frequency will 
be lowered as a result of magnetizing. An alternating 
signal of proper level is then applied in order to demag 
netize the magnet and bring the frequency backup to its 
nominal value. The determination of the proper demag 
netizing signal is done experimentally in steps of increas 
ing level similar to the manner in which a precision re 
sistor is adjusted by trimming wire. 

While the invention has been described with particular 
reference to the drawing disclosure, it is not limited there 
to but contemplates such modifications and further em 
bodiments as may occur to those skilled in the art. 
We claim: 
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1. In a vibratory reed device, a stationary mounting 

means, a primary reed and a secondary reed secured to 
and extending from said mounting means in opposed 
spaced relation to one another, a straight magnetic core 
permanently magnetized to provide a magnetic bias and 
extending transversely between said reeds, a coil wound 
about said core whereby magnetizing currents may super 
impose a fluctuating magnetic field on the magnetic bias, 
and means fixedly mounting said coil and core in relation 
to said reeds. 

2. A resonant Feed relay, comprising an elongate metal 
casing or housing having an opening at one end, a closure 
member at the said end of the casing, support means 
within said casing secured to said member, a reed-sup 
porting block within said casing secured to said support 
means, a primary reed and a secondary reed within said 
casing extending from said block in opposed spaced re 
lation to one another, a contact on said primary reed, a 
fixed arm secured to said support means and disposed 
adjacent to said primary reed within said casing, a con 
tact arm cooperable with said first contact, a straight 
magnetic core permanently magnetized to provide a 
magnetic bias and extending transversely between said 
reeds, a coil wound about said core whereby magnetizing 
currents may superimpose a fluctuating magnetic field on 
the magnetic bias, and means fixedly mounting said core 
and core on said support means. 

3. A resonant reed relay, comprising an elongate metal 
casing or housing having an opening at one end, a closure 
member at the said end of the casing, support means 
within said casing secured to said member, a reed-sup 
porting block within said casing secured to said support 
means, a primary reed and a secondary reed within said 
casing extending from said block in opposed spaced re 
lation to one another, contacts controlled by said primary 
reed, a straight magnetic core permanently magnetized 
to provide a magnetic bias and extending transversely be 
tween said reeds, a coil wound about said core whereby 
magnetizing currents may superimpose a fluctuating mag 
netic field on the magnetic bias, and means fixedly mount 
ing said coil and core on said support means. 
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