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[s7] ABSTRACI‘ 
A sound or acoustic system constructed entirely of 
magnetically inert components which remain unaf 
fected by magnetic ?elds. A magnetically inert panel is 
provided, with at least one magnetically-inert trans 
ducer being mounted upon this panel. At least one hol 
low channel extends into the panel from an edge 
thereof, while a hole is positioned within the panel to 
communicate at one end with the channel and to open 
at an opposite end adjacent the transducer. 

14 Claims, 5 Drawing Sheets 
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SOUND SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention is directed to an acoustic sys 
tem, which is especially applicable to provide sound 
and communication to an individual undergoing Mag 
netic Resonance Imaging (MRI). 

Magnetic Resonance Imaging (MRI) has recently 
come into tremendous use, for medical diagnostic pur 
poses. In this procedure, an MRI scanner is disposed in 
a room shielded from radio frequencies, such an MRI 
scanner being generally about 8 feet wide, and about l2 
feet deep. The center bore of the MRI is about 3 feet in 
diameter. An individual is then passed into the MRI 
scanner after the same is activated, whereby the ana 
tomical area of the individual to be diagnosed is scanned 
by the MRI device. 

Previously, attempts have been made to provide in 
tercom systems, and to also provide relaxing sounds 
such as music to an individual undergoing the MRI. 

Recently, new high ?eld MRI systems have come 
into use which create more noise. For example, Radiol 
ogy, November 1988, page 539, describes patients expe 
riencing hearing loss from MRI scanning. 

Accordingly, there has been a long-felt need both to 
improve communications with a patient during the MRI 
scanning, and to also provide such a patient with sooth 
ing music while the MRI scanning is carried out, since 
the MRI device can feel quite con?ning. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to improve MRI scanning productivity and comfort of 
a patient undergoing MRI scanning. 

It is further object of the present invention to im 
prove provision of sound to an individual undergoing 
MRI scanning and to also improve communication with 
the individual, when the actual scanning itself is being 
carried out. 

It is another object of the present invention to pro 
vide a communication/public address system which 
remains in contact with the patient while MRI scanning 
is carried out. 
These and other objects are attained by the present 

invention which is directed to a sound system con 
structed entirely of magnetically inert components, 
which remain unaffected by magnetic ?elds and do not 
affect imaging quality, the system comprising a magnet 
ically inert panel, at least one magnetically-inert trans 
ducer mounted on the panel, at least one hollow chan 
nel extending into the panel from an edge thereof, and a 
hole which is positioned within the panel to communi 
cate at one end thereof with the channel, and to open 
adjacent the transducer at an opposite end thereof. The 
components are also preferably rf-shield, while an rf 
tight enclosure may be provided in which the panel is 
mounted. The rf-tight enclosure has an opening to allow 
a wave guide tube to pass therethrough and to commu 
nicate with the channel. 
A pair of transducers are preferably provided, one of 

which is a high-frequency transducer and the other of 
which is a low frequency transducer, with the panel 
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having a pair of holes, each hole being positioned to 
communicate with the channel at one end thereof, and 
to open adjacent the high frequency or low frequency 
transducer at an opposite end thereof. 
A pair of the hollow channels is preferably provided 

extending into the panel, with a pair of high frequency 
transducers and a pair of low frequency transducers 
being mounted upon the panel, and two pairs of holes 
being positioned in the panel. A hole of each pair is 
positioned in the panel to communicate at one end 
thereof with one of the channels, and to open adjacent 
a respective high frequency or low frequency trans 
ducer at an opposite end thereof. 

Electrically conductive, non-ferrous material tubing 
is preferably mounted in the opening of the rf-tight 
enclosure, and extends into and out of the enclosure. In 
the case where two openings are provided in the enclo 
sure, a pair of such tubing is thus provided to act as a 
wave guide. 

Furthermore, the present invention is also directed to 
an earpiece for an acoustic headset, which can prefera 
bly be coupled to the sound system of the present inven 
tion. This earpiece is formed of closed-cell foam, is 
substantially conically-shaped, and also has a passage 
extending therethrough from substantially an apex of 
the conical shape, whereby noise generated by the scan 
ning procedure is attenuated. 
The present invention provides a sound system utiliz 

ing magnetically inert components which are not af 
fected by high flux magnetic fields. The present inven 
tion utilizes pneumatic headphones or a headset, which 
supply a patient with soothing music, e.g., stereo high 
fidelity quality music and/or serve as an intercom, 
while the patient is being tested by the Magnetic Reso 
nance Imaging (MRI) scanner. The sound system of the 
present invention will not degrade imaging qualities of 
MRI, and will not increase the noise to signal ratio or 
create artifacts. 
As noted above, the present invention can provide 

soothing music to a patient, and can also serve as an 
intercom, while the MRI test is being carried out. Prior 
to the present invention, the only communication to a 
patient that was possible, was only between a series of 
tests, i.e., when the MRI gradients did not make any 
noise. Such noise would mask a speaker. 
With the present invention, even while the gradient 

noise is present, there can still be communication be 
tween a patient and the operator, because the headset 
earpiece attenuates gradient noise and introduces sound 
directly into the ear canals of a patient. 

In previous systems utilizing pneumatic tubing, the 
tubing running from the transducer to the patient had to 
be extremely long, e.g., on the order of 25 to 30 feet in 
length. However, with the present invention, the tubing 
running from the actual transducer to the headset of a 
patient can be much shorter, e.g., on the order of about 
seven to eight feet. The previous systems clearly re 
sulted in inferior sound quality. However, with the 
present invention, ambient noise from the gradients is 
greatly attenuated, and sound quality is greatly im 
proved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described in 
greater detail with reference ,to preferred embodiments 
thereof illustrated in the accompanying drawings, in 
which: 
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FIG. 1 is a front view of a panel in the acoustic sys 
tem in accordance with the present invention; 

FIG. 2 is a front view similar to FIG. 1, but with the 
front speakers or transducers having been removed 
from the panel; 

FIG. 3 is a back view of the panel of FIGS. 1 and 2, 
without any speaker situated thereon; 
FIG. 4 is a side view of the panel of FIG. 1; 
FIG. 5 is a top view of the panel of FIG. 1; 
FIG. 6 is a top view a shielded enclosure in which the 

panel of FIG. 1 is situated; 
FIG. '1 is a side view of the enclosure of FIG. 6, 

additionally illustrating insulation therein; 
FIG. 8 is a partial perspective view of the enclosure 

of the FIGS. 6 and 7; 
FIG. 9 is a schematic illustration of circuitry applied 

in accordance with the present invention; [and] 
FIG. 10 is a view of an ear piece utilized in accor 

dance with the present invention; and 
FIG. I 1 is a layout schematic of the sound system of the 

invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the drawings, the present invention is 
composed of a panel 1 formed of any non—magnetic 
material (N.M.M.), which functions as a mechanical 
catalyst for transforming ambient sound from a trans 
ducer and converting the same into a pneumatic sound 
pressure level. More speci?cally, two acoustic channels 
4, 5 are bored into the panel 1 itself. The panel 1 of the 
present invention is suitable for mounting a pair of 
transducers on either side thereof, e. g., a high frequency 
transducer 2 and a low frequency transducer 3 on oppo 
site sides thereof. The acoustical channels 4, 5 are 
“right“ and "left" accoustic channels, i.e., are mirror 
images of one another. The transducers 2 and 3 are 
composed of crystalline substrate which vibrate when 
modulated, i.e., composed of dense, magnetically inert 
substance. The panel 1 itself may be composed of any 
magnetically inert medium, such as non~ferrous materi 
als e.g., aluminum, brass, bronze, wood, plastics, plexi 
glass, etc. Preferably, the panel is composed of lucite. 
The high frequency transducer 2 has a lower sound 

pressure level, while the low frequency transducers 3 
has a higher sound pressure level. These transducers 2 
and 3 are both piezoelectric speakers. In particular, 
types of piezoelectric transducers which are suitable for 
use of the present invention can be found in the follow 
ing U.S. Pat. Nos.: 3,548,116; 3,786,202; 3,852,529; 
3,629,625; 3,676,722; and 4,078,160. 
Two holes 6 and 7 are also provided in the panel 1 for 

communicating, at one end thereof with the respective 
bore 5, as illustrated, e.g., in FIGS. 2 and 6. One of these 
holes 6 is positioned in the panel 1 to open, at an oppo 
site end thereof, adjacent the high frequency transducer 
2 when the high frequency transducer 2 is mounted 
upon the panel I, while the other hole 7 is positioned in 
the panel 1 to open at an end opposite the bore or chan 
nel 5, adjacent the low frequency transducer 3. The 
hole 6 is generally larger than the hole 7. For example, 
hole 6 can have a diameter of about 5/32 inches, while 
hole 7 has a diameter of about 7/64 inches. Channels 4 
and 5 themselves have diameters of about 5/16 inches. 
These holes and bores or channels can be provided 
within the panel 1, by conventional drilling, while the 
transducers 2 and 3, may be conveniently mounted 
upon the panel 1, by inserting bolts into respective 
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4 
openings provided for the same, as clearly illustrated in 
the various ?gures. 
A second pair of transducers, namely piezoelectric 

transducers 10,11 may be provided on a reverse side of 
the panel 1 as also illustrated, with appropriate holes 8 
and 9 being provided in the panel 1 to communicate at 
ends thereof with the bore or channel 4, and to open at 
opposite ends thereof adjacent the respective high fre 
quency transducer 10 and low frequency transducer 11. 
These holes 8, 9 and transducers l0, 11 are analogous to 
the holes 6,7 and transducers 2,3 described above. 
Therefore, “right" and "left” sound channels are pro 
vided in the system of the invention herein, for stereo 
reception. The panel 1 itself is about 2 inches thick and 
has a height of about 3} inches and a width of about 52 
inches. 

Preferably, a membrane is inserted between the re 
spective transducer 2, 3, 10, 11 and the panel itself over 
the respective hole 6, 7, 8, 9, to block entry of oxygen or 
air into the transducer, when the acoustic system of the 
invention is also used in oxygen rooms to provide sound 
for patients. 
The panel 1 is mounted in a box 12 or enclosure 

which is preferably constructed of copper and is sealed 
tight, while the other outer room housing the MRI 
device is also shielded in copper (there is a penetration 
panel 56 at one point for various circuitry to the MRI 
device, and also to the acoustic system of the present 
invention, as explained further below). 
The room 50in which the MRI device and acoustic 

system is housed, is lined with the copper to eliminate 
interference from radio frequencies. 
Any stray rf interference will be trapped in the enclo 

sure or box 12, because the box or enclosure 12 is rf 
tight. The enclosure 12 is also grounded at contact 17. A 
twin-axial cable 54 is attached to the contact 17 which 
serves to ground box 12 to the penetration panel 56. 
Thus, rf shielding is quite clearly accomplished by the 
invention herein. Furthermore, a sealed wooden box 
filled with foam may enclose the copper box 12 to atten 
uate ambient noise created by MRI scanning. 
The panel I of the present invention is arranged to be 

mounted within an rf-shielded box 12 as illustrated in 
FIGS. 6-8. The box 12, as noted above is also con 
structed of magnetically inert substance. The top of the 
box or enclosure 12 is provided with two openings in 
which wave guide tubes 13, 14 are inserted to extend 
both into and out of the box or enclosure 12, as illus 
trated in FIG. 8. These tubes 13, 14 communicate with 
the respective channels 4 and 5 of the panel 1, to be 
explained further below. 
The hookup of the various transducers to the elec 

tronic circuit is schematically illustrated in FIG. 9. 
Basically, lines from the ground 17 are connected to the 
high frequency transducer 2 and also to the low fre 
quency transducer 11 as illustrated, with the low fre 
quency transducer 3 being appropriately coupled to the 
high frequency transducer 2, and the high frequency 
transducer 10, being appropriately coupled to the low 
frequency transducer 11, as illustrated in FIG. 9. Thus, 
the circuitry is completed so that electronic energy 
imparted to the respective transducers, will cause the 
same to vibrate, in turn pneumatically creating sound in 
the respective holes 6, 7, 8, 9, which is then transferred 
through the bores 4 and 5 and along tubing to the re 
spective headset of a patient. 

Therefore, the lucite/NMM panel 1 of the present 
invention incorporates a sound mixing network which 
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permits a ?at response. This ?at response is achieved 
the by mixing of the high and low frequencies of the 
respective transducers. Metering is achieved by differ 
ences in the diameter of the sound channels, i.e., the 
holes from the respective transducers to the main chan- 5 
nel bores as described above. More speci?cally, the flat 
response of the metering circuit is accomplished by the 
following: 

(1) Variation between the high frequency and low 
frequency transducers; and 10 

(2) Mixing of the high and low frequencies signals in 
the ported cavity, after the sound is metered, i.e., as the 
sound leaving the transducers. 

Additionally, fine copper mesh screening is soldered 
to the outlet ports of the wave guide tubes 13 and 14 to 15 
further shield from RFI, with suitable pneumatic tubing 
15 and 16 being coupled thereabout, as schematically 
illustrated in FIG. 8. Placement of the copper screening 
or tobacco mesh further blocks out unwanted rf-waves. 

In the acoustic system, a low frequency is generally 20 
of the order of about 100-5000 Hz, while a high fre 
quencyv is generally of the order of about 5000-20,000 
Hz. 
The sound is transferred pneumatically from the vi 

brating transducers to the appropriate headset, e.g., 25 
based on the bernoulli principle. Any conventional 
headset may be coupled to the acoustic system in the 
present invention, e.g., a headset disclosed in U.S. Pat. 
No. 4,347,911. In this regard, another feature of the 
present invention is a particular earpiece which can be 30 
utilized in the headset incorporated to the acoustic sys 
tem herein, e.g. the headset disclosed in US. Pat. No. 
4,347,911. 

Such an earpiece is illustrated in FIG. 11 of the pres 
ent case. Basically, this earpiece 20 is constructed of 35 
closed-cell foam, is in a conical shape 23, and has a 
passage for sound 22, 21 extending therethrough to 
substantially an apex of the conical shape as illustrated. 
Such an earpiece 20 greatly enhances noise attenuation 
when utilized along with the other features of the inven> 40 
tion herein, as described above. 
The preceding description of the present invention is 

merely exemplary, and is not intended to limit the scope 
thereof in any way. 
What is claimed is: 45 
l. A sound system constructed entirely of magneti 

cally inert rjlshielded components which remain unaf 
fected by magnetic ?elds and do not affect imaging 
quality, 

said system comprising a magnetically inert panel, 50 
at least one pair of magnetically-inert transducers 
mounted upon said panel one of which is a high 
frequency transducer and the other of which is a 
low frequency transducer, 

at least one hollow channel extending into said panel 55 
from an edge thereof, 

[an rf-tight enclosure, 
means to mount said panel in said rf-tight enclosure, 
said rf-tight enclosure comprising an opening to 

allow a wave guide tube to pass therethrough and 
communicate with said channel] 

said panel comprising at least one pair of holes, the 
holes positioned to communicate with said channel 
at one end thereof and to open said channel at an 
opposite end thereof adjacent said high frequency 65 
or low frequency transducer. 

2. The [combination] system of claim 1, comprising 
a pair of hollow channels extending into said panel, 

60 

6 
said at least one pair of transducers comprising a pair of 

high frequency transducers and a pair of low fre 
quency transducers mounted upon said panel, 

said at least one pair of holes comprising two pairs of 
holes positioned in said panel, with a hole of each 
said pair positioned in said panel to communicate at 
one end thereof with one of said channels, and at an 
opposite end thereof, to open a respective channel 
adjacent a respective high frequency or low fre 
quency transducer. 

3. The [combination] system of claim 2, [wherein] 
further comprising an rf-tight enclosure, and 

said rf-tight enclosure [comprises] comprising a pair 
of openings to allow wave guide tubes to pass 
therethrough and to communicate with said chan 
nels. 

4. [The combination of claim 1, additionally com 
prising] A sound system constructed entirely of magneti 
cally inert rf-shielded components which remain unaf 
fected by magnetic ?elds and do not a?'ect imaging quality, 

said system comprising a magnetically inert panel, 
at least one magnetically-inert transducer mounted 

upon said panel, 
at least one hollow channel extending into said panel 
from an edge thereof: 

on rjltight enclosure in which said panel is mounted, 
said rf-tight enclosure comprising at least one opening 

which is effective for enabling a wave guide tube to 
pass therethrough and communicate with said chan 
nel, and 

wave guide tubing made of an electrically conductive 
non-ferrous material mounted in said opening and 
extending into and out of said enclosure. 

5. The combination of claim 3, [additionally] com 
prising a pair of wave guide tubes, each said tube 
mounted in a respective [opening] one of said openings 
of said enclosure and extending into and out of said 
enclosure. 

6. A sound system constructed entirely of magnetically 
inert components which remain una?ected by magnetic 
fields and do not a?‘ect imaging quality, 

said system comprising a magnetically inert panel, 
at least one magnetically-inert transducer mounted 

upon said panel, 
at least one hollow channel extending into said panel 
from on edge thereof 

a hole positioned in said panel to communicate at one 
end thereof with said channel and at an opposite end 
thereof to open adjacent said at least one transducer, 

a penetration panel located at a ?rst room in which the 
magnetically inert panel and an MRI scanner are 
located; and 

on electrical cable leading from the penetration panel to 
the magnetically inert panel 

7. The system of claim I. further comprising a penetra 
tion panel at a ?rst room in which the magnetically inert 
panel and an MRI scanner are located,‘ and 

on electrical cable leading from the penetration panel to 
the magnetically inert panel 

8. The system of claim 4. further comprising a penetra 
tion panel at a first room in which the magnetically inert 
panel and an MRI scanner are located; and 

an electrical cable leading from the penetration panel to 
the magnetically inert panel 

9. The system of claim 6. further comprising: 
acoustic headset means for communicating sound into 

the ears ofa patient; and 
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Pneuma?'g tubing disposed between and connem'ing the acoustic headset means for communicating sound into 
acoustic headset means and the magnetically inert ‘he eats of “.Pa “81'” and . 

pneumatic tubing disposed between and connecting the 
Panel‘ acoustic headset means and the magnetically inert 

10. The system of claim 7, further comprising: 5 Fund 
acoustic headset means for communicating sound into 12. The system of claim 9, wherein the pneumatic tubing 

the ears of a patient; and is 5'10" '8' than 25 fee‘ 
. . . - 13. The system of claim 10. wherein the pneumatic 

pneumatic tubing disposed between and connecting the tubing is shone’ than 25 feet. 
acoustic headset means and the magnetically inert I0 14. The system of claim 11' wherein the pneumatic 
panel. tubing is shorter than 25 feet. 

I]. The system of claim 8. further comprising: ' " ' ' ' 
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