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5 Claims. (CL 84—1)

My invention relates to features of an electro-
magnetic pick-up structure for an electrical mu-
sical instrument; namely, the producing of mag-
netic poles on tuned vibrators of magnetic ma-

terial, the translation of the motion of the vi-

brators into corresponding electromotive forces,
and the provision of a structure of such a nature
as to be insensitive to stray electric and magnetic
fields.

The electromotive forces generated in an elec-
tromagnetic pick-up device of an eélectrical mu- -

- sical instrument employing tuned vibrators have
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been. found to be very small. In order to hear
these induced electrical vibrations reproduced as
musical tones from a loudspeaker of conventional
type, some form of amplification involving ther-
micnic vacuum tubes is necessary.

In general, the supply of electrical power for an
amplifier can be furnished most economically and
conveniently when a commercial source of sup-
ply is used; batteries require frequent inspection
and replacement and there are obvious .disad-
vantages in the use of other types of purely local
power sources.

In an electrical musical instrument for use in
a home, there are often advantages in placing the
amplifier and loudspeaker in the case or cabinet
of the instrumeni proper. When this is done,
however, the amplifier and speaker will have been
placed rather near the pick-up device. Since
commercial electric mains usually supply alter-
nating current, the pick-up device will be exposed
to stray-alternating electric and magnetic flelds,
due mainly to the leakage flux from the ampli-
fier power transformer, to a lesser degree to flux
from the choke coils of the amplifier filter sys-
tem and from the loudspeaker field coil (in which
structures there are usually some residual alter-
nating currents flowing) and from any other
sources in the vicinity. These stray flelds act
upon the pick-up device to produce an alternating
electromotive force, which is amplified and re-
produced as an objectionable hum.

The effect of the stray electric fields can be
reduced satisfactorily by an. electrostatic shield
enclosing the pick-up structure. Magnetic shield-
ing, however, has not been found to be so effec-
tive, and is not convenient to employ in my inven-
tion, as will be obvious in my future description.
Therefore, another principle must be used to min-

imize the effect of the stray magnetic flelds: the-

employment of this principle is.the main object
of this invention. This and other objects which
will be evident to those readin‘g this specification,

I shall now explain and shall describe my inven-

tion in detail.
In the drawings which form a part hereof:
Fig. 11is a side view of the form on and in which

are placed the elements of the pick-up device to’

be described.
Fig. 2 is'a plan view of the assembled structure,

showing in proximity the tuned vibrators, exem- ‘

plarily indicated here as tuned strings.

Fig. 3 is a side view, showing the adjacent.
strings, in section.

- Fig. 4 is a cross-section taken on A—B of Fig. 2.

Figs. 5 and 6 are wiring diagrams, showing two
schematic arrangements for connecting the de-
vice to &an amplifier.

Fig. 7 is a partial wiring diagram of an ampli-
fler. .

In making a pick-up device in accordance with
my invention, holders i, 2 and 3, of insulating
material and having in each a central lengthwise
slot, are properly spaced on two insulating strips
4 and §, inserted and spaced apart in the slots of
holders -1, 2 and 3. At the ends of the strips §
and 5 are inserted half-round pieces 6 and 1, thus
completing smooth forming surfaces.

In the space between the strips 4 and 5 and
end pleces 6 and T, two sets of silicon steel lam-
inations 8 and 9 are fit tightly and spaced apart
therein by an insulating, non-magnetic piece {0.

In the space between holders { and 2, on the
smooth surface formed by strips 4 and 5 and half-

round pieces 6 and 1, and around the laminated

steel core 8, is placed a coil {{ of fine, insulated
copper wire., In & similar manner a coil i2 of the
same kind of wire is placed in the space between
holders 2 and 3 on the surface formed by strips
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4 and 5 and half-round pieces § and 71, and _

around the laminated steel core 9. The end wires
13 and {4 of the coil I and the end,wires {5
and {6 of the coil 12 may be conveniently at-
tached to terminal posts set in an insulating plate,
as clearly shown in Figs. 2 and 3. An elecirostatic
shield of metal, not shown, can be used to en-
close the device. .

The structure thus formed can be mounted ad-
Jacent to a set of tuned strings 17 in any suitable
manner (for example, as shown in my U. S. Pat-
ent No. 2,015,363 issued September 24, 1935) and
can be employed to magnetize the strings, as I
shall later describe. The strings can be tuned to

the pitches of a musical scale and can be set in’

motion by the impact of hammers as is done in
instruments of the piano type, or can berexcited
in any other well known manner.

The motions of the magnetized strings (and

40

45

50

55




10

15

2

strings composed of the high carbon steel used for
plano wire will retain their magnetism for a con-
siderable length of time) and the consequent mo-
tions of the flux from the magnetic poles on the
strings, cyclically toward and away from the pick-
up device, induce corresponding electromotive
forces in the coils i1 and 12 by electromagnetic
induction, which can be amplified and reproduced
as musical tones. It is to be noted particularly,
in this respect, that essentially all of the induced
electromotive forces are generated in the coil i2
which is nearer to the strings i7 (see Figs. 3 and
4) and that very little of the electromotive forces
are generated in the farther coil if, because of
its greater distance from the strings and the mag-
netic iseclation effected by the nonmagnetic piece
f0.

The principal object of my lnvention is the

. elimination of effects caused by stray magnetic
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flelds and such elimination can be brought about
by the employment of the device of my inven-
tion, without affecting its sensitivity to the ino-
tion of the adjacent magnetized strings. For ex-
ample, let the coils {1 and 12 be identically con-
structed and be connected in series in an opposite
sense. According to the attached drawings (see
in particular Fig. 3) this is done by joining the
terminals of wires 14 and (86,
wires {3 and {5 becoming the output terminals of
the device. The induction of electromotive forces
by stray magnetic flelds into coil 12 is then coun-
terbalanced, part by part, by the induction of
equal and opposite electromotive forces into coil
i 1, with the result that any reproduced extraneous
noises, such as hum, are essentially eliminated.

The functioning of the device as a pick-up struc-

ture is-not affected, however, as has been ex-

the terminals of |

plained in the preceding paragraph. It is to be,

noted, In this respect, that in practice, the cross-
sectional dimensions of the device (such as the

‘dimensions of Fig. 4) would be small as compared

with the distance from it to any source of stray
magnetic flux, but that these cross-sectional di-
mensions are large as compared with the distance
from the strings to the device.

~ The main object of my invention can be also
accomplished by connecting the two coils in par-
allel in an opposite sense. This can bie done by
joining the terminals of wires 13 and 18 to form
one output terminal and by joining the terminals
of wires §4 and 15 to form the other output
terminal of the device.

In Fig. 7 is shown a partial wlring diagram of
an amplifier. As the principles of operaticn of
this amplifier are well known to those acquainted
with the art and will be understood on examining
this specification, I shall not describe it in com-
plete detail, except to note that it has input ter-

minals I8 and 19, output terminals 20 and 24, a -

rectifier-filter system 22, terminals 23 and 24 for
supplying rectified current to a fleld coil 25 of a
loudspeaker, and a terminal 26 which can be used
(In conjunction with a return terminal such as
19) for supplying rectifled current for magnet-
ically charging the strings 17, with the use of the
device of this invention,

As it is necessary to supply current for mag-
netic charging only for short periods of time, I
have arranged that this current be furnished by
diverting, when' necessary, & part of the output
current of the rectifler-filter system 22, This I

~

" accomplish by effecting external to the amplifier
the connection between the first cheke coil 27 and

75

the second choke coil 28, of the system 22, by
means of the terminal 26, attached to the output

strings.

2,119,584

point of the coil 27, and a terminal 28 attached
to the input point of the coil 28. 'This connec-
tion can be made and broken by a switching ar-
rangement.

In Fig. 5 is shown one such switching arrange-
ment, with the co-related connections to the am-
plifier and pick-up device. When the double-
pole-doublethrow switch 30 is placed in the down-
ward position of Pig. 5, rectified current is con-

. ducted from the system 22 through the terminal

26, through coil {2 (the coil nearer to the strings)
and through the return terminal {9 to furnish
rectified current for magnetically charging the
For quietness of operation during the
charging process, the input terminals {8 and (9
of the amplifier are connected together by the

_ switch 30.

By placing the switch 30 in ‘the upward posi-
tion, terminals 26 and 29 are connected together,
thus supplying rectified current to the amplifier,

and end wire 18 of coil | I'is connected to the input.

terminal 18, allowing the device to function as a
pick-up structure in accordance with my inven-
tion, coils 11 and 12 being connected in a series
arrangement, end wire {4 being permanently at-
tached to end wire I8, as shown.

In Fig. 6 is shown another arrangement. W
the singlepole-doublethrow switch 31 is placed in
the upward position, ‘current is conducted from
the system 22 through the terminal 26, through
coils i and {2, and through the return. terminal
19 to furnish charging current. ' By placing the
switch 81 in the downward position the termi-
nals 26 and 29 are connected together, supplying
rectified currént to the amplifier and allowing
the structure to operate as a pick-up device in
association with amplifying and reproducing

"‘means, the coils {1 and §2 being connected in a

parallel arrangement, as shown. For simplicity,
in Fig, 6, as also in Flg. 5, I have omitted the
terminal posts ahd plate shown in Figs. 2 and 3.

In serles with the end wire'l3, of Fig. 6, is an
adjustable resistance 32, which can be used to
compensate for any electrical unbalance in the
construction and assembly of coils It and {2,
‘With the use of the resistance 32 as shown and
with the coils 11 and 12 in a parallel arrangement
it is not necessary that the coils be essentially
identical. Coil {{ may have more turns and a
greater inductance than coll 12; the resistance 32
can be employed to compensate for any lack of
proportionately greater resistance of coil i1, and
the device will function according to the teach-
ings of my invention.

In Fig. 6 is shown & condenser 33. This serves
to isolate the input system of the amplifier from
the current of the magnetic charging process.

In both Pigs. 5 and 6 are shown a switch 34,
which can be used to short-circuit the output
circuit of the amplifier, eliminating any of the

- reproduced noises caused by the operation of the

switches 30 and 31.  Many modifications in the
construction of the switches 30, 31 and 34 are
possible, the diagrammatic types shown being
merely for clarity of description. One modifica~
tion that I have found advantageous is operative-
ly to Hnk the switch 34 and switch 30 (or 31).
Such linking insures that the switch 34 be closed
preceding the operation of the switch 38 (or 31)
from the pick-up position to the charging posi-
tion and that it be opened after the operation of
the switch 30 (or 31) from the charging position
to the pick-up position.

An additional modification that I have found
advantageous for quietness of operation pertains
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to the switch 30. Thls switch can be so con-
structed that in the operation from the pick-up
position to the charging position, the following
sequence is obtained: first, the input terminals
48 and 18 are connected together, then, the end
wire 13 iIs disccnnected from the input terminal
18, and terminals 26 and 28 are disconnected,
and finally, the terminal 28 is connected to cofl
12. through the end wire 16. In the operation
from the chdrging to the pick-up position, the
reverse of the above sequence occurs.

Many modificetions may be made in structural A

features and wiring arrangements and still come
within the scope of ‘my invention. What I claim
a3 my invention is:

1. In a musical instrument, the combination
of a plurality of tuned magnetized vibratile mem-

.bers arranged substantially in a plane and a pick-"

up device for said members, said pick-up device
including a frame work arranged transverse to
said members, a coil of wire on sald frame work
in proximity to said members, a second coil of
wire on- said frame work and disposed between
sald first-mentioned coil and said members, the
two said coils being electrically connected in
phase opposition.

2. In & musical instrument, the combination of
a series of tuned magnetized strings arranged

substantially in a plane and a pick-up device for

said strings, said pick-up device including a
framework arranged in proximity and transverse
to said strings, a coil of wire on said framework in
proximity and ‘transverse to sald strings, a sec-
ond coil of wire on said framework transverse
to said strings, said second coil being locsdted be-
tween sald fAirst-mentioned coil and said strings,
the two said- coils being electrically connected
in phase opposition.

3. In a musical instrument, the combination
of a series of tuned magnetized strings arranged

substantiaily in a plane and a ,plck-up device for-

sald strings consisting of a fmmework in prox-
imity and transverse to said strlngs a coil of

‘wire of substantially planar turns on sald frame-
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work in proximity and transverse to. said strings,
the planes of which turns are substantially par-
allel to the plane of said strings, a second coil of
wire of substantially planar turns on said frame-
work transverse to sald strings, the planes of
said second turns being substantially parallel to
those of said first turns, said second coil being
located between sald first coil and said strings,
the two said coils being electrically connected in
phase opposition. )

4. In a musical instrument, the combination of
a series of tuned vibratile magnetic members ar-
ranged substantially in a plane, means for mag-
netizing sald members, and-a pick-up device for
said members including a framework arranged
transverse to said members, a coil of wire on said
framework in proximity to said members, a sec-
ond coil of wire on said framework and disposed
between said first-mentioned coil and said mem-
bers, the two sald coils being electrically con-

- nected whereby sald second coil comprises a
" means for translating the motions of said mem-

bers into electromotive forces and said first coil
comprises a means for neutralizing any -stray
hum induced in said second coil.

5. In a mausical instrument, the combination
of a series of tuned vibratile magnetic members
arranged substantially in a plane, means for
magnetizing sald members, and a pick-up device
for said members, said pick-up device including
a framework arranged transverse to sald mem-

_bers, a coil of wire on said framework in prox-

imity to said members, a core of magnetic mate-
rial encompassed by said coil, a second coil of
wire on sald framework and disposed between
said first-mentioned coil and said members, a
second core of magnetic material encompassed by
said second coil, the two said coils being electric-
ally connected whereby said second coil comprises
a means for translating the motions of said mem-
bers into electromotive forces and said first coil

‘comprises a means for neutralizing any stray

hum induced in said second coil.
 ARMAND F. KNOBLAUGH..
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